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([SORULQJ+RZ'ULYHUV3HUFHLYH6SDWLDO(DUFRQVLQ$XWRPDWHG9HKLFOHV 
'$9,'%($77,(6FKRRORI(QJLQHHULQJDQG%XLOW(QYLURQPHQW*ODVJRZ&DOHGRQLDQ8QLYHUVLW\ 
/<11(%$,//,(6FKRRORI0DWKHPDWLFDODQG&RPSXWHU6FLHQFHV+HULRW-:D&?8QLYHUVLW\ 
0$57,1+$/9(<'HSDUWPHQWRI&RPSXWHUDQG,QIRUPDWLRQ6FLHQFHV8QLYHUVLW\RI6WUDWKFO\GH 
$XWRPDWHG YHKLFOHV VHHN WR UHOLHYH WKH KXPDQ GULYHU IURP SULPDU\ GULYLQJ WDVNV EXW WKLV VXEVWDQWLDOO\GLPLQLVKHV WKH
FRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOH FRPSDUHGWRPDQXDORSHUDWLRQ$WSUHVHQWDXWRPDWHGYHKLFOHV ODFNDQ\IRUPRI
FRQWLQXDO DSSURSULDWH IHHGEDFN WR UH-HVWDEOLVK WKLV FRQQHFWLRQ DQG R'IHU D IHHOLQJ RI FRQWURO :H VXJJHVW WKDW DXGLWRU\
IHHGEDFNFDQEHXVHGWRVXSSRUWWKHGULYHULQWKLVFRQWH[W$SUHOLPLQDU\'JHOGVWXG\WKDWH[SORUHGKRZGULYHUVUHVSRQGWR
H[LVWLQJDXGLWRU\IHHGEDFNLQPDQXDOYHKLFOHVZDV'JUVWXQGHUWDNHQ:HWKHQGHVLJQHGDVHWRIDEVWUDFWV\QWKHVLVHGVRXQGV
SUHVHQWHG VSDWLDOO\ DURXQG WKH GULYHU NQRZQ DV 6SDWLDO(DUFRQV WKDW UHSUHVHQWHG GL'IHUHQW SULPDU\ GULYLQJ VRXQGV HJ
DFFHOHUDWLRQ7RHYDOXDWH WKHLUH'IHFWLYHQHVVZHXQGHUWRRNDGULYLQJVLPXODWRU VWXG\ LQDQRXWGRRU VH&?LQJXVLQJD UHDO
YHKLFOH 6SDWLDO(DUFRQV SHUIRUPHG DV ZHOO DV ([LVWLQJ9HKLFOH6RXQGV GXULQJ DXWRPDWHG DQG PDQXDO GULYLQJ VFHQDULRV
6XEMHFWLYHUHVSRQVHVVXJJHVWHG6SDWLDO(DUFRQVSURGXFHGDQHQJDJLQJGULYLQJH[SHULHQFH&iLVSDSHUDUJXHVWKDWHQWLUHO\
QHZ V\QWKHVLVHG SULPDU\ GULYLQJ VRXQGV VXFK DV 6SDWLDO(DUFRQV FDQ EH GHVLJQHG IRU DXWRPDWHG YHKLFOHV WR UHSODFH
([LVWLQJ9HKLFOH6RXQGV&iLV FUHDWHV QHZ SRVVLELOLWLHV IRU SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ LQ DXWRPDWHG YHKLFOHV
XVLQJDXGLWRU\IHHGEDFNLQRUGHUWRUH-HVWDEOLVKDFRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOH 
&&6 &RQFHSWV #?+XPDQ-FHQWHUHGFRPSXWLQJ݄+XPDQFRPSXWHULQWHUDFWLRQ+&,݄,QWHUDFWLRQWHFKQLTXHV
݄$XGLWRU\IHHGEDFNڡ+&,GHVLJQDQGHYDOXDWLRQPHWKRGV݄8VHUVWXGLHV 
*HQHUDO7HUPV'HVLJQ([SHULPHQWDWLRQ+XPDQ)DFWRUV 
$GGLWLRQDO .H\ :RUGV DQG 3KUDVHV $XWRPDWHG 9HKLFOHV $XGLWRU\ 'LVSOD\V $XGLWRU\ )HHGEDFN 'ULYLQJ 6LPXODWRU
(DUFRQV([LVWLQJ9HKLFOH6RXQGV+DQGRYHURI&RQWURO 
$&05HIHUHQFHIRUPDW 
'DYLG %HD&?LH /\QQH %DLOOLH DQG 0DUWLQ +DOYH\  ([SORULQJ +RZ 'ULYHUV 3HUFHLYH 6SDWLDO (DUFRQV LQ $XWRPDWHG
9HKLFOHV3URF$&0,QWHUDFW0RE:HDUDEOH8ELTXLWRXV7HFKQRO;;;;6HSWHPEHUSDJHV 
'2,;;;; 
,1752'8&7,21 
5HFHQWDXWRPDWHGYHKLFOHUHVHDUFKKDVSULPDULO\IRFXVHGRQWKHFRPSXWHULVDWLRQRIWKHRSHUDWLRQDODVSHFWV
RIDXWRPDWHGYHKLFOHV >@+RZHYHUQHZUHVHDUFK LVHPHUJLQJWKDW LQYHVWLJDWHV WKH LPSOLFDWLRQVWRKXPDQ
IDFWRUV EURXJKW DERXW E\ WKH LQWURGXFWLRQ RI DXWRPDWHG YHKLFOHV )RU H[DPSOH UHVHDUFKHUV KDYH EHJXQ WR
LQYHVWLJDWH WKHSURYLVLRQRI IHHGEDFNGXULQJ WKHPRPHQW RIFRQWUROKDQGRYHUEHWZHHQDGULYHUDQGYHKLFOH
>@2WKHUQHZUHVHDUFKDVVHVVHVVLWXDWLRQDODZDUHQHVVXQGHUYDU\LQJOHYHOVRIDXWRPDWLRQ>@:KLOH
WKHVHVWXGLHVFRQWULEXWHWRZDUGVVROYLQJVRPHRIWKHIXQGDPHQWDOKXPDQIDFWRUVLVVXHVLQDXWRPDWHGYHKLFOHV
WKH\GRQRWDGGUHVVKRZWRH'IHFWLYHO\UHWDLQDFRQQHFWLRQEHWZHHQWKHGULYHUDQGDXWRPDWHGYHKLFOH 
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1RUPDQKDVPDLQWDLQHGWKDWWKHVRXUFHRIGL'LFXOWLHVZLWKDXWRPDWLRQLVWKHODFNRIFRQWLQXDODSSURSULDWH
IHHGEDFNWKDWRFFXUVQDWXUDOO\ZKHQKXPDQVDUHUHVSRQVLEOHIRUFRQWURO>@5HVHDUFKKDVDOUHDG\VXJJHVWHG
WKDWWKHDXWRPDWLRQRILQGLYLGXDOSDUWVRIWKHGULYLQJWDVNFDXVHVGULYHUVWRVX'IHUIURPDUHGXFHGIHHOLQJRI
FRQWURO VHQVH RI EHLQJ LQ FKDUJH DQG EHLQJ DW RQH ZLWK WKH FDU >@ 0RUHRYHU LQ WKH FRQWH[W RI IXOO\-
DXWRPDWHGYHKLFOHVLWKDVEHHQVXJJHVWHGWKDWEHFDXVHRIDODFNRIIHHGEDFN#?3DVVHQJHUVKDYHQRLGHDLIWKH
DXWRQRPRXVYHKLFOHUHFRJQL]HVDQGHYDOXDWHVDWUD'LFVL WXDWLRQFRUUHFWO\RULIDFULWLFDOPDQRHXYUHKDVWREH
SHUIRUPHG#픀 >@&iHSURYLVLRQRIDFRQWLQXHGFRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOHXVLQJDSSURSULDWHW\SHV
RIIHHGEDFNLVDFULWLFDOSRLQWWKDWKXPDQIDFWRUVUHVHDUFKPXVWDGGUHVV 
'ULYHUVRIPDQXDOO\RSHUDWHGYHKLFOHVXWLOLVHYHKLFOHIHHGEDFNWRVXSSRUWWKHGULYLQJWDVNDQGHQVXUHVDIH
DQGH'LFLHQWWUDYHO>@)HHGEDFNLVSURYLGHGLQWKH IRUPRIDXGLWRU\WDFWLOHRUYLVXDOIHHGEDFNDOORIZKLFK
VXSSRUW WKH SULPDU\ WDVN RI GULYLQJ LQ GL'IHUHQW ZD\V ,Q WKH FRQWH[W RI DXGLWRU\ IHHGEDFN HQJLQH
WUDQVPLVVLRQ URDG DQG DHURG\QDPLF QRLVH DOO FRQWULEXWH VXEVWDQWLDOO\ WR WKH GULYHU#?V XQGHUVWDQGLQJ RI WKH
YHKLFOH#?V VWDWH >@ +RZHYHU YHKLFOH PDQXIDFWXUHUVLQFUHDVLQJO\ VWULYH WR FUHDWH TXLHWHU YHKLFOHV ERWK
LQWHUQDOO\DQGH[WHUQDOO\)URPDTXDOLW\ VWDQGSRLQW WKLVPD\EHDGYDQWDJHRXV WKRXJKUHVHDUFKKDV VKRZQ
WKDWGLPLQLVKLQJSULPDU\GULYLQJWDVNDXGLWRU\IHHGEDFNFDXVHVXQH[SHFWHGGULYLQJEHKDYLRXUVXFKDVIDVWHU
GULYLQJDQGUHGXFHGVLWXDWLRQDODZDUHQHVV >@3ULPDU\WDVN UHODWHGDXGLWRU\ IHHGEDFNHJ URDGQRLVH W\UH
QRLVHPHFKDQLFDO HQJLQHQRLVHV LV DOVR XVHGPRUH UHDGLO\E\ LQH[SHULHQFHGGULYHUV ZKR PDNH OL&?OHXVHRI
YLVXDODLGVVXFKDVWKHVSHHGRPHWHU>@ 
$XGLWRU\ IHHGEDFN LQ PDQXDOO\ GULYHQ YHKLFOHV LV PRVW R&YHQ XVHG WR SUHVHQW LQIRUPDWLRQ UHODWHG WR
VHFRQGDU\GULYLQJWDVNVDQGIRUWKLVSXUSRVHLWKDVEHHQVKRZQWREHSDUWLFXODUO\H'IHFWLYHLQFRQWUDVWWRRWKHU
PRGDOLWLHV >@ +RZHYHU ZLWK UHJDUGV WR SUHVHQWLQJ SULPDU\ GULYLQJ WDVN LQIRUPDWLRQ YLD DXGLWRU\
IHHGEDFN WKHUHKDVEHHQ OL&?OH UHVHDUFK FRQGXFWHG$XGLWRU\ IHHGEDFNKDV DOVR SURYHG WREH DQHFHVVLW\ IRU
YHKLFOHVWKDWXVHDOWHUQDWLYHSURSXOVLRQWHFKQRORJLHVIRULQVWDQFHHOHFWULFYHKLFOHVWRHQVXUHGULYHUVDUHDZDUH
RI WKH YHKLFOH#?V HQJLQH VWDWH >@ ,Q WKH FRQWH[WRI DXWRPDWHG YHKLFOHV UHVHDUFK LQWR WKH XVHIXOQHVV RI
DXGLWRU\IHHGEDFN LVVWLOO LQ LWV LQIDQF\6WXGLHVKDYHSURYHGWKDWDXGLWRU\IHHGEDFN LVDQH'IHFWLYHPHDQV WR
SUHVHQWLQIRUPDWLRQFRPSDUHGWRYLVXDOIHHGEDFNGXULQJKDQGRYHURIFRQWUROVLWXDWLRQVLQDXWRPDWHGYHKLFOHV
>@+RZHYHUQRLQYHVWLJDWLRQVKDYHEHHQFRQGXFWHGWRGHWHUPLQHZKHWKHUDXGLWRU\IHHGEDFNFDQEHXVHGWR
SURYLGHLQIRUPDWLRQUHODWHGWRWKHDFWLRQVRIDQDXWRPDWHGYHKLFOHDQGXOWLPDWHO\UH-HVWDEOLVKDFRQQHFWLRQ
EHWZHHQWKHGULYHUDQGWKHLUYHKLFOH 
&iLV SDSHU H[DPLQHV ZKHWKHU VSDWLDOO\ SUHVHQWHG V\QWKHVLVHG DXGLWRU\ IHHGEDFN FDQ EULGJH WKH JDS
EHWZHHQ GULYHU DQG YHKLFOH WKDW LV HQFRXQWHUHG ZKHQ WUDQVLWLRQLQJ IURP PDQXDO RSHUDWLRQ WRZDUGV IXOO\
DXWRPDWHGYHKLFOHV:H'JUVWJDWKHUHGLQIRUPDWLRQRQKRZGULYHUVUHVSRQGWRDXGLWRU\IHHGEDFNLQPDQXDOO\
RSHUDWHGYHKLFOHVGXULQJDSUHOLPLQDU\REVHUYDWLRQDO'JHOGVWXG\&iLVVWXG\HVWDEOLVKHGDWD[RQRP\RIGULYLQJ
VRXQGV DQG KLJKOLJKWHG WKDW GULYHUV ZHUH LQ IDYRXU RI UHSRVLWLRQLQJ SULPDU\ GULYLQJ VRXQGV DURXQG WKH
YHKLFOHFDELQ&iHVHUHVXOWVSURPSWHGWKHGHYHORSPHQWRIDUWL'JFLDOV\QWKHVLVHGDXGLWRU\IHHGEDFNSUHVHQWHG
VSDWLDOO\ DURXQG WKH YHKLFOH FDELQ NQRZQ DV 6SDWLDO(DUFRQV &iLV VHW RI VRXQGV ZDV GHVLJQHG WR UHSOLFDWH
H[LVWLQJ SULPDU\ GULYLQJ VRXQGV VXFK DV DFFHOHUDWLRQ EXW PDGH XVH RI WKUHH-GLPHQVLRQDO VSDWLDOLVDWLRQ WR
SURYLGHDGGLWLRQDOVSDWLDOLQIRUPDWLRQ 
:H HYDOXDWHG WKH 6SDWLDO(DUFRQV GXULQJ D GULYLQJ VLPXODWRU VWXG\ WKDW IHDWXUHG D VHULHV RI PDQXDO DQG
DXWRPDWHG GULYLQJ VFHQDULRV DQG FRPSDUHG WKHP ZLWK ([LVWLQJ9HKLFOH6RXQGV>@ &iLV VWXG\ LQYHVWLJDWHG
WKH DSSOLFDWLRQ RI 6SDWLDO(DUFRQVIRU SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ LQ DXWRPDWHG YHKLFOHV DQG
GHWHUPLQHG WKHLU H'IHFWLYHQHVV LQ FRQWUDVW WR FXUUHQWO\ DYDLODEOH DXGLWRU\ IHHGEDFN LQ PDQXDO YHKLFOHV
)LQGLQJV KHOSHG WR DVVHVV ZKHWKHU DUWL'JFLDO DXGLWRU\ IHHGEDFN FDQ EH XVHG LQVWHDG RI FXUUHQWO\ DYDLODEOH
DXGLWRU\IHHGEDFNWRUH-HVWDEOLVKWKHFRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOHGXULQJDXWRPDWHGGULYLQJ 
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&iUHH UHVHDUFKTXHVWLRQVZHUH IRUPHG WKDW ERWK WKHSUHOLPLQDU\ 'JHOG VWXG\DQGGULYLQJ VLPXODWRU VWXG\
ZRXOGDQVZHUWKHVHZHUH 
+RZ VKRXOG DXGLWRU\ IHHGEDFN IRU SULPDU\ GULYLQJ WDVN LQIRUPDWLRQ EH SUHVHQWHG LQ DXWRPDWHG
YHKLFOHV"54 
$UH 6SDWLDO(DUFRQV PRUH XVHIXO WKDQ ([LVWLQJ9HKLFOH6RXQGV WR SUHVHQW SULPDU\ GULYLQJ WDVN
LQIRUPDWLRQLQDXWRPDWHGYHKLFOHV"54 
&DQ6SDWLDO(DUFRQVSURYLGHDIHHOLQJRIFRQWUROWRGULYHUVRIDXWRPDWHGYHKLFOHV"54 
5(/$7(':25. 
$XWRPDWHG9HKLFOHV 
:LWK WKH DGYDQFHPHQW WRZDUGV IXOO\ DXWRPDWHG YHKLFOHV D FRQWLQXXP QRZ H[LVWV EHWZHHQ WUDGLWLRQDO
PDQXDOO\ RSHUDWHG YHKLFOHV DQG WKHLU DXWRPDWHG FRXQWHUSDUWV $ORQJ WKLV FRQWLQXXP DUH D PXOWLWXGH RI
FRPSXWHULVHG V\VWHPV GHVLJQHG WR SURYLGH DVVLVWDQFH WR WKH GULYHU FRPPRQO\ NQRZQ DV $GYDQFHG 'ULYHU
$VVLVWDQFH 6\VWHPV $'$6 >@ &iH 1DWLRQDO +LJKZD\ 7UD'LF 6DIHW\ $GPLQLVWUDWLRQ RI 1RUWK $PHULFD
1+76$ >@ KDV KLJKOLJKWHG 'JYH VHSDUDWH OHYHOV RI YHKLFXODU DXWRPDWLRQ :KLOH DXWRPDWHG YHKLFOH
GHYHORSPHQW LV VWLOO LQ LWV LQIDQF\ WKH DXWRPDWLRQ OHYHOV VHW RXW E\ WKH 1+76$#?V SROLF\ VWDWHPHQW KDYH
VXEVHTXHQWO\EHHQDGRSWHG LQDQXPEHURIDXWRPRWLYHKXPDQ IDFWRUV UHVHDUFKVWXGLHV >@/HYHO LV
GH'JQHGDV WKHKXPDQGULYHUKDYLQJ WRWDO FRQWURO RI WKHYHKLFOH#?VSULPDU\ FRQWUROV DW DOO WLPHV ,Q FRQWUDVW
/HYHOVHHV WKHYHKLFOHSHUIRUPDOOVDIHW\FULWLFDOGULYLQJIXQFWLRQVUHTXLULQJRQO\GHVWLQDWLRQ LQSXWE\WKH
GULYHU&iHGULYHUZRXOGQRWEHH[SHFWHGWREHDYDLODEOHIRUFRQWURODWDQ\SRLQWGXULQJWKHLUMRXUQH\ 
/HYHOVDQGRXWOLQHLQFUHDVLQJOHYHOVRIDXWRPDWLRQIURPVLQJOHIXQFWLRQDXWRPDWLRQWROLPLWHGVHOI-
GULYLQJ DXWRPDWLRQ  ,W LV QHFHVVDU\ WR SRLQW RXW WKDW WKH YDVW PDMRULW\ RI DXWRPDWHG YHKLFOHV FXUUHQWO\
RSHUDWH DW 1+67$ /HYHO  DXWRPDWLRQ UHTXLULQJ D GULYHU WR EH SUHVHQW IRU RFFDVLRQDO FRQWURO SURYLGHG
VX'LFLHQWWUDQVLWLRQWLPHEHWZHHQRSHUDWLRQDOVWDWHVLVJLYHQ&iHDXWRPDWLRQOHYHOFODVVL'JFDWLRQVSURSRVHGE\
WKH1+76$DUHXVHGWKURXJKRXWWKLVZRUNDVDIUDPHZRUNIRUWKHLPSOHPHQWDWLRQRIPDQXDODQGDXWRPDWHG
GULYLQJFRQGLWLRQVGXULQJWKHVLPXODWHGGULYLQJVWXG\,Q WKLV UHVHDUFK WKH WHUPVPDQXDOGULYLQJRUPDQXDO
YHKLFOHDUHXVHGWRUHIHUWRYHKLFOHVWKDWREOLJDWHWKHGULYHUWRPRQLWRUWKHGULYLQJHQYLURQPHQWDQGRSHUDWH
WKH GULYLQJ WDVN WKHUHIRUH FDWHJRULVHG DV 1+76$ /HYHO  1R $XWRPDWLRQ :KHUHDV WKH WHUPV DXWRPDWHG
GULYLQJRUDXWRPDWHGYHKLFOHUHIHUWRYHKLFOHVWKDWPRQLWRUWKHGULYLQJHQYLURQPHQWDQGWDNHRYHUWKHGULYLQJ
WDVN ZLWKRXW LQSXW IURP WKH GULYHU FDWHJRULVHG DV 1+76$ /HYHO  )XOO 6HOI-'ULYLQJ $XWRPDWLRQ &iHVH
FRQWUDVWLQJOHYHOVZHUHVHOHFWHGEHFDXVHWKH\SURYLGHGDFOHDUGLVWLQFWLRQEHWZHHQWKHVKL&YLQFRQWUROEHWZHHQ
GULYHU DQG YHKLFOH DV DXWRPDWLRQ LQFUHDVHV $GGLWLRQDOO\ /HYHOV  DQG  UHGXFHG WKH QXPEHU RI GULYLQJ
YDULDEOHVWKDWDUHSUHVHQWLQRWKHUDXWRPDWLRQOHYHOVWKHUHE\HQDEOLQJXVWRUHSOLFDWHWKHPLQDQDSSURSULDWH
DQG FRQWUROOHG ZD\ IRU UHVHDUFK SXUSRVHV %\ FRPSDULQJ VXFK FRQWUDVWLQJ OHYHOV RI YHKLFOH DXWRPDWLRQ
'JQGLQJV FRXOG DOVR VHUYH WR LQIRUP WKH GHVLJQ RI DXGLWRU\ IHHGEDFN LQ YHKLFOHV DFURVV GL'IHUHQW OHYHOV RI
DXWRPDWLRQ 
9HKLFXODU)HHGEDFN 
&iH DXWRPDWHG YHKLFOH SUHVHQWV D SDUDGLJP WKDW SURSRVHV D KRVW RI QHZ GHVLJQ D'IRUGDQFHV \HW WR EH
GLVFRYHUHG 'ULYHUV DUHQR ORQJHUEXUGHQHG ZLWKPDQXDO RSHUDWLRQRI WKHYHKLFOH ,QVWHDG WKH\ DUH DEOH WR
IUHHO\HQJDJHZLWKQRQ-GULYLQJWDVNV&iLVQHZO\DYDLODEOHIUHHGRPDOVRFDOOVIRUQHZDSSURDFKHVWRIHHGEDFN
GHVLJQ IRU SULPDU\ DQG VHFRQGDU\ GULYLQJ WDVNV ,W DOVR UDLVHV WKH TXHVWLRQ ZKHWKHU IHHGEDFN UHODWHG WR
SULPDU\ GULYLQJ WDVNV LV LQ IDFW VWLOO QHFHVVDU\ $XGLWRU\ IHHGEDFN FRQWULEXWHV VXEVWDQWLDOO\ WRZDUGV WKH
VXFFHVVIXOFRPSOHWLRQRIERWKSULPDU\DQGVHFRQGDU\GULYLQJWDVNVLQPDQXDOO\RSHUDWHGFDUV'XULQJSULPDU\
GULYLQJ WDVNVDXGLWRU\ IHHGEDFNSURYLGHVFULWLFDO GULYLQJ LQIRUPDWLRQ UHODWHG WR WKHYHKLFOH#?V VWDWH:LWKRXW
WKLV LQIRUPDWLRQ GULYHUV KDYH D UHGXFHG XQGHUVWDQGLQJ RI KRZ WKH YHKLFOH LV IXQFWLRQLQJ DQG KDYH EHHQ
VKRZQWRWDNHELJJHUULVNV>@ 
XX:4 ڰ David Beattie et al. 
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'XULQJVHFRQGDU\WDVNVLQVX'LFLHQWRULQDSSURSULDWHDXGLWRU\IHHGEDFNKDVEHHQVKRZQWRFDXVHLQFUHDVHG
GLVWUDFWLRQWRWKHSULPDU\GULYLQJWDVN>@3RRUO\GHVLJQHGIHHGEDFNIRUVHFRQGDU\GULYLQJWDVNLQIRUPDWLRQ
VXFKDV LQ 6DWQDYVFDQ LQ IDFWGLVWUDFW WKHGULYHUDQGVLJQL'JFDQWO\ LPSHGH WKHSULPDU\ WDVNRIGULYLQJ >@
:KLOH YDU\LQJ IHHGEDFN PRGDOLWLHV KDYH EHHQ UHVHDUFKHG IRU WKH SUHVHQWDWLRQ RI VHFRQGDU\ GULYLQJ WDVN
LQIRUPDWLRQ1HHVDQG:DONHU>@VXJJHVWWKDWVRXQGLV\HWWREHXVHGWRLWVIXOOSRWHQWLDO6HFRQGDU\GULYLQJ
WDVNLQ-YHKLFOHWHFKQRORJLHVHJ6DWQDYWKDWXVHDXGLWRU\IHHGEDFNDUHZHOOGRFXPHQWHG>@$XGLWRU\
IHHGEDFNIRUVXFKV\VWHPVKDVDOVREHHQVKRZQWRGLVWUDFWGULYHUVVLJQL'JFDQWO\OHVVWKDQYLVXDOFXHV>@ 
,Q-9HKLFOH$XGLWRU\'LVSOD\V 
([LVWLQJLQ-YHKLFOHWHFKQRORJLHVKDYH\HWWRXVHVRXQGWRLWVIXOOSRWHQWLDOIRULQIRUPDWLRQGLVSOD\>@,WLV
LPSRUWDQW WR QRWH WKDW XQWLO  DXGLWRU\ LQ-YHKLFOH V\VWHPV KDG EHHQ OLPLWHG GXH WR WKH PHFKDQLFDO
KDUGZDUH XVHG WR SURGXFH VRXQGV >@ 1RZDGD\V KRZHYHU ZLWK WKH GHYHORSPHQW RI GLJLWDO FRPSXWLQJ
WHFKQRORJLHVGDWDEDVHVRIVRXQGVFDQEHUHSOLFDWHGDQGHQWLUHO\QHZVRXQGVFDQEHFUHDWHGWRDVXEVWDQWLDOO\
KLJK 'JGHOLW\ >@ $XGLWRU\ IHHGEDFN KDV EHHQ LPSOHPHQWHG LQ PDQ\ GULYHU DVVLVWDQFH V\VWHPV WR SURYLGH
LQIRUPDWLRQ UHODWHG WR FROOLVLRQ DYRLGDQFH YHKLFOH VWDWH DOHUWV QDYLJDWLRQDO DLGV DQG DV SDUW RI DXGLWRU\
GLVSOD\VIRULQ-YHKLFOHLQIRUPDWLRQV\VWHPV,9,6>@&iURXJKRXWWKLVDUUD\RIGULYHUDVVLVWDQFHV\VWHPVD
PXOWLWXGHRIVRXQGFXHW\SHVKDYHEHHQXWLOLVHGWKDWIDOOLQWRWZRGLVWLQFWFDWHJRULHVVSHHFKDQGQRQ-VSHHFK
DXGLWRU\IHHGEDFN>@1RQ-VSHHFKEDVHGDXGLWRU\IHHGEDFNFDQEHFUHDWHGXVLQJDXGLWRU\LFRQVRUHDUFRQV
$XGLWRU\LFRQVDUHQDWXUDOSUH-UHFRUGHGVRXQGVWKDWUHODWHWRDVSHFL'JFHYHQWREMHFWRUDFWLRQZKLFKDUHWKHQ
PDSSHGWRV\VWHPPHVVDJHVDQGREMHFWV>@,QFRQWUDVWHDUFRQVDUHDXGLRPHVVDJHVFRQVLVWLQJRIVWUXFWXUHG
PXVLFDOWRQHVDQGDUHXVHIXOIRUFRQYH\LQJDEVWUDFWHYHQWVEHFDXVHWKH\DUHQRWUHTXLUHGWRUHODWHGLUHFWO\WR
DVSHFL'JFHYHQWREMHFWRUDFWLRQXQOLNHDXGLWRU\LFRQV>@&iHGHFLVLRQWRFKRRVHEHWZHHQVSHHFKDQGQRQ-
VSHHFKVRXQGVGHSHQGVRQZKHWKHUWKHLQIRUPDWLRQSUHVHQWHGUHODWHVGLUHFWO\WRWKHGULYLQJWDVN&iLVLVDNH\
FRQFHUQZKHQGHVLJQLQJDXGLWRU\LQIRUPDWLRQIRUPDQXDOO\RSHUDWHGYHKLFOHVDVWKHUHVXOWLQJDXGLWRU\RXWSXW
PXVWQRWLQWHUIHUHZLWKWKHFRJQLWLYHWDVNVLQYROYHGLQGULYLQJ>@ 
6RXQGVXVHGZLWKLQDQDXGLWRU\LQ-YHKLFOHGLVSOD\VKRXOGEHGHVLJQHGWRHQVXUHDOOXVHUVUHDFWLQWKHVDPH
ZD\>@&iLVLVDFKLHYHGE\HQVXULQJDQ\VRXQGXVHGHOLFLWVDQHPRWLRQDORUD'IHFWLYHUHDFWLRQZKHQKHDUG
)RU H[DPSOH WKH SHUFHLYHG HPRWLRQDO UHVSRQVH IURP DZDUQLQJ VRXQG PXVW HQVXUH WKDW WKH FRUUHVSRQGLQJ
DFWLRQLVSURPSWHGLPPHGLDWHO\>@&iLVLVLQNHHSLQJZLWKWKHSHUFHSWLRQWKDWDXGLWRU\LQ-YHKLFOHGLVSOD\V
DUHPRUHDGYDQWDJHRXVLQWKHLUXVHRYHUYLVLRQ-EDVHGGLVSOD\VZKHQUDSLGUHVSRQVHWLPHVDUHQHFHVVDU\>@
)RU LQVWDQFH LQDFRPSDUDWLYHVWXG\E\6FR&?DQG*UD\ >@ WKHXVHRIDXGLWRU\ IHHGEDFNZDVSUHIHUUHGE\
XVHUVLQFRPSDULVRQWRYLVXDODQGWDFWLOHIHHGEDFNIRUUHDU-HQGFROOLVLRQZDUQLQJV 
:KLOVWVRPH$'$6UHO\RQWKHXVHRIDXGLWRU\IHHGEDFNWRSUHVHQWYHKLFXODULQIRUPDWLRQWRWKHGULYHUWKLV
LVR&YHQDFKLHYHGXVLQJHLWKHUDPRQRRUVWHUHRVSHDNHULPSOHPHQWDWLRQZKLFKGRHVQRWDOORZIRULQIRUPDWLRQ
WR EH SUHVHQWHG VSDWLDOO\ >@ ,Q WKLV VLWXDWLRQ WKH ORFDWLRQ DQG GLUHFWLRQ RI D VRXQG FDQQRW EH XWLOLVHG
:LWKRXWSURYLGLQJDPHDQVWRXWLOLVHERWKWKHORFDWLRQDQGGLUHFWLRQRIDVRXQGLQIRUPDWLRQLVUHVWULFWHGWR
FRQYH\DQFHYLDVRQLFSDUDPHWHUVVXFKDVIUHTXHQF\GXUDWLRQKDUPRQLFLW\ORXGQHVVDQGWLPEUH$UHSRUWIRU
WKH)HGHUDO+LJKZD\V$GPLQLVWUDWLRQRI1RUWK$PHULFDE\7UHQWDFRVWH>@KDVVXJJHVWHGWKDWWKHDXGLWRU\
FKDQQHO LV PRVWO\ VXLWDEOH IRU VLPSOH PHVVDJHV DQG FRQWHQW WKDW GRHV QRW UHTXLUH WKH GULYHU WR HQJDJH LQ
VSDWLDOSHUFHSWLRQ,WLVLPSRUWDQWWRQRWHWKDWWKHGHVLJQJXLGHOLQHVVWDWLQJWKLVZHUHSXEOLVKHGLQ:KLOH
WKH UHSRUW ZDUQV DJDLQVW HQJDJLQJ GULYHUV LQ VSDWLDO SHUFHSWLRQ ZLWK WKH SURJUHVVLRQ WRZDUGV KLJKO\
DXWRPDWHGYHKLFOHVWKHLQFOXVLRQRIVSDWLDODXGLWRU\IHHGEDFNPD\LQIDFWEHFRPHDFFHSWDEOHDQGXVHIXO:LWK
WKH LQFOXVLRQRI VSDWLDOLVDWLRQ IRU LQIRUPDWLRQSUHVHQWDWLRQ VRXQGPD\EHFRPHDSRZHUIXO WRRO WRNHHS WKH
GULYHUXSWRGDWHRQLQIRUPDWLRQUHODWHGWRDQDXWRPDWHGYHKLFOH#?VLQWHQGHGDFWLRQV6RXQG#?VDELOLW\WRFRQYH\
LQIRUPDWLRQTXLFNO\FDQEHHQKDQFHGIXUWKHUE\WKUHH-GLPHQVLRQDOVSDWLDOLVDWLRQZKHUHVRXQGVFDQEHSODFHG
DURXQGWKHGULYHULQVLGHWKHYHKLFOH)RULQVWDQFHWRLPSURYHSHGHVWULDQDZDUHQHVVIRUGULYHUVRQHVWXG\E\
$UGDYDQDQG&KHQSURSRVHGWKHXVHRIDWKUHH-GLPHQVLRQDOVRXQGV\VWHPWRSOD\EDFNQDWXUDOKXPDQVRXQGV
>@&iHLUXVHRIVRXQGVVXFKDVWKHIRRWVWHSVRIDSHGHVWULDQZDONLQJDQGWKHSRVLWLRQLQJ	SDQQLQJRIWKHVH
VRXQGVWKURXJKDORXGVSHDNHUVHWXSSRVLWLYHO\LQFUHDVHGGULYHUDZDUHQHVVWRVLWXDWLRQDOHYHQWV>@ 
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&iHXVHRIWKUHH-GLPHQVLRQDODXGLRVSDWLDOLVDWLRQKDVDOVRSURYHGWRKDYHEHQH'JWVZKHQXVHGIRUYHKLFXODU
ZD\-'JQGLQJ DQG VLWXDWLRQ DZDUHQHVV ZLWKLQ D YLUWXDO GULYLQJ VLPXODWRU >@ %UHZVWHU DQG 0F*RRNLQ >@
KDYH DOVR VKRZQ WKDW WKH LGHQWL'JFDWLRQ RI HDUFRQV LV VLJQL'JFDQWO\ LQFUHDVHG ZKHQ SUHVHQWHG VSDWLDOO\ LQ
FRPSDULVRQWRQRQ-VSDWLDOSUHVHQWDWLRQ 
3UHYLRXVUHVHDUFKVKRZVWKDWDXGLWRU\LQ-YHKLFOHGLVSOD\VDUHQRWRQO\DQH'IHFWLYHPHWKRGIRULQIRUPDWLRQ
SUHVHQWDWLRQ LQYHKLFOHV WKH\DUH WKHSUHIHUUHGPRGDOLW\ZKHQXVHG IRU WKHQRWL'JFDWLRQRI VDIHW\ZDUQLQJV
+RZHYHU VRXQGVXVHGZLWKLQ DXGLWRU\ LQ-YHKLFOHGLVSOD\VPXVWEH DFFHSWDEOH WR XVHUV >@&iLV VKRXOG EH
DFKLHYHGE\XVLQJVRXQGV WKDWDUHQRWXQSOHDVDQWRUDQQR\LQJ)XQGDPHQWDOO\ WKHPHDQLQJIXOQHVVRIHDFK
VRXQGLVLPSRUWDQWHVSHFLDOO\ZKHQDXGLWRU\LQ-YHKLFOHGLVSOD\VDUHXVHGGXULQJHPHUJHQF\VLWXDWLRQV>@ 
35(/,0,1$5<678'< 
$SUHOLPLQDU\'JHOGVWXG\ZLWKHLJKWSDUWLFLSDQWVZDVXQGHUWDNHQWRFROOHFWDWD[RQRP\RIVRXQGVSUHVHQW
LQ PDQXDOO\ RSHUDWHG YHKLFOHV WKDW SUHVHQW LQIRUPDWLRQ WR WKH GULYHU &ROOHFWLQJ WKHVH VRXQGV KHOSHG WR
DVFHUWDLQWKHH[WHQWWRZKLFKDXGLWRU\IHHGEDFNKHOSVGULYHUVWRIHHOLQFRQWURORIWKHLUYHKLFOH&iHVHVRXQGV
ZHUH DOVR FDWHJRULVHG WR KLJKOLJKW KRZ PXFK LPSRUWDQFH ZDV JLYHQ WR WKHP E\ GULYHUV &iLV LQIRUPDWLRQ
KHOSHGWRFRQ'JUPZKLFKW\SHVRIGULYLQJVRXQGVZRXOG EHXVHIXOIRUGULYHUVRIDXWRPDWHGYHKLFOHV 3ULRUWR
FRQGXFWLQJWKHPDLQVWXG\ZLWKWKHHLJKWSDUWLFLSDQWVWZRDGGLWLRQDOSLORWVWXGLHVZHUHFRQGXFWHGLQRUGHUWR
FUHDWHDQLQLWLDOWD[RQRP\RIGULYLQJVRXQGV7DEOH3DUWLFLSDQWVZHUHDVNHGGXULQJERWKWKHSLORWDQGPDLQ
'JHOGVWXG\WRWUDYHODUHJXODUO\GULYHQFDUMRXUQH\IRUDPLQLPXPRI'J&YHHQPLQXWHV'XULQJHDFKMRXUQH\WKH
IUHTXHQF\ RI RFFXUUHQFH IRU HDFK VRXQG IURP RXU WD[RQRP\ ZDV UHFRUGHG E\ WKH UHVHDUFKHU 6RXQGV WKDW
SURYRNHGD UHDFWLRQ IURPWKHSDUWLFLSDQWVDQG WKRVHWKDWZHUHDFWLYHO\ LGHQWL'JHGDVEHLQJKHDUGZHUHDOVR
UHFRUGHG&iLVZDVGRQHWRGHWHUPLQHKRZR&YHQWKHVRXQGVIURPRXUWD[RQRP\RFFXUUHGGXULQJDW\SLFDOFDU
MRXUQH\DQGKRZR&YHQGULYHUVUHVSRQGHGWRWKHVHVRXQGV&iHSUHOLPLQDU\'JHOGVWXG\ZDVDOVRXVHGWRJDWKHU
LQIRUPDWLRQ UHJDUGLQJ ZKLFK VRQLF D&?ULEXWHV HJ3LWFK )LQDOO\ WKH SUHOLPLQDU\ VWXG\ H[SORUHG ZKHWKHU
SDUWLFLSDQWV IHOW WKH GLUHFWLRQ LQ ZKLFK VRXQGV DSSHDUHG ZDV XVHIXO WR SUHVHQW LQIRUPDWLRQ UHODWHG WR WKH
GULYLQJWDVN 
3URFHGXUH 
$ WD[RQRP\ RI WZHQW\ H[SHFWHG VRXQGV 7DEOH  ZDV FUHDWHG EDVHG RQ WKH VRXQGV WKDW KDG RFFXUUHG
GXULQJ WZR 'J&YHHQ-PLQXWH SLORW VWXGLHV FRQGXFWHG EHIRUH WKH PDLQ SUHOLPLQDU\ VWXG\ WRRN SODFH &iLV
WD[RQRP\ZDVXVHGWRQRWHGRZQWKHGL'IHUHQWVRXQGVDVWKH\RFFXUUHG6RXQGV2FFXUUHGGXULQJHDFKMRXUQH\
DQG LQFOXGHG VSDFH IRU DQ\ QHZ VRXQGV WKDW RFFXUUHG GXULQJ WKH SUHOLPLQDU\ 'JHOG VWXG\ $Q\ VRXQGV WKDW
ZHUH DFWLYHO\ LGHQWL'JHG E\ SDUWLFLSDQWV 6RXQGV ,GHQWL&ἀeG ZHUH DOVR QRWHG 7R FDSWXUH WKHVH VRXQGV
SDUWLFLSDQWVZHUHUHTXLUHGWRUDLVHD'JQJHUIURPWKHVWHHULQJZKHHOWRVLJQLI\WKDWWKH\KDGKHDUGDSDUWLFXODU
VRXQG &iH\ ZHUH WKHQ DVNHG WR VWDWH WKH VRXQG WKDW KDG EHHQ LGHQWL'JHG $GGLWLRQDOO\ DQ\ VRXQGV WKDW
LQLWLDWHG DQ LQWHUDFWLRQ 5HVSRQVH3URYRNHG EHWZHHQ WKH SDUWLFLSDQW DQG WKHLU YHKLFOH ZHUH DOVR QRWHG )RU
H[DPSOHDUHVSRQVHZDVQRWHGLIDQH[WHUQDOKRUQZDVKHDUGFDXVLQJWKHGULYHUWRDOWHUWKHLUGULYLQJURXWLQH
HJEUDNLQJ 
)ROORZLQJWKHGH'JQLWLRQVIRUGULYLQJWDVN LQWHUDFWLRQORFDWLRQVGH'JQHGE\7¸QQLVHWDO >@VRXQGVIURP
RXU WD[RQRP\ 7DEOH  ZHUH FDWHJRULVHG LQWR  SULPDU\ GULYLQJ WDVN VRXQGV  VHFRQGDU\ GULYLQJ WDVN
VRXQGV DQG  WHUWLDU\ GULYLQJ WDVN VRXQGV $Q DGGLWLRQDO FDWHJRU\  H[WHUQDO VRXQGV ZDV FUHDWHG WR
FDWHJRULVH VRXQGV WKDW GLG QRW IDOO LQWR WKH WKUHH GULYLQJ WDVN FDWHJRULHV HJ WKH VRXQG RI RWKHU YHKLFOHV
3ULPDU\GULYLQJ WDVNVRXQGVZHUHVRXQGV WKDWRFFXUUHGDVD UHVXOWRIGLUHFW LQWHUDFWLRQZLWK IXQFWLRQV WKDW
IDFLOLWDWHG PDQRHXYULQJ WKH FDU HJ DFFHOHUDWRU SHGDO 6HFRQGDU\ GULYLQJ WDVN VRXQGV ZHUH VRXQGV IURP
IXQFWLRQVQRWGLUHFWO\UHODWHGWRPDQRHXYULQJWKHFDUEXWHQVXUHGGULYHUVDIHW\VXFKDVDFWLYDWLQJWKHOLJKWV
RQWKHYHKLFOH7HUWLDU\GULYLQJWDVNVRXQGVRFFXUUHGIURPWKHLQWHUDFWLRQRIYHKLFOHIXQFWLRQVWKDWZHUHQRW
GLUHFWO\DVVRFLDWHGZLWKWKHGULYLQJWDVNVXFKDVWKHLQIRWDLQPHQWV\VWHP([WHUQDOGULYLQJVRXQGVZHUHDOVR
LQFOXGHGGXHWRWKHLUIUHTXHQF\RIRFFXUUHQFH 
XX:6 ڰ David Beattie et al. 
Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 1, No. 3, Article XXXX. Publication date: September 2017. 
7DEOH Initial Taxonomy of Sounds from Two Pilot Studies 
3ULPDU\'ULYLQJ7DVN
6RXQGV 
6HFRQGDU\'ULYLQJ7DVN
6RXQGV 
7HUWLDU\'ULYLQJ
7DVN6RXQGV 
([WHUQDO6RXQGV 
,JQLWLRQ 0LUURU$GMXVWPHQW 5DGLR&'3OD\HU 5RDG7LUH1RLVH 
&OXWFK 7XUQLQJ212))/LJKWV (OHFWULF:LQGRZV 7UD'LF/LJKWV  
%UDNLQJ +RUQ &DU+HDWHU)DQ ([WHUQDO&DU+RUQV 
$FFHOHUDWLRQ ,QGLFDWRU 6HDW$GMXVWPHQWV 5XPEOH6WULS1RLVH 
*HDU&KDQJLQJ  'RRUV	'RRU/RFNV (PHUJHQF\6HUYLFHV 
&iHVWXG\WRRNSODFHLQDQGDURXQGWKHFLWLHVRI(GLQEXUJKDQG*ODVJRZZKHUHSDUWLFLSDQWVZHUHUHTXLUHG
WR GULYH WKHLU RZQ YHKLFOH RQ D URXWH WKH\ FRPPRQO\ GULYH IRU DSSUR[LPDWHO\ 'J&YHHQ PLQXWHV ZKLOVW DQ\
VRXQGRFFXUUHQFHVZHUHQRWHGGRZQE\WKHREVHUYLQJUHVHDUFKHU3DUWLFLSDQWVUHFUXLWHGYLDZRUGRIPRXWK
ZHUH JLYHQ WKH RSSRUWXQLW\ WR RSW LQ EHIRUH DJUHHLQJ WR XQGHUWDNH WKH VWXG\ &iH DJH UDQJH RI WKH HLJKW
SDUWLFLSDQWVZDV#?ZLWKDPHGLDQDJHUDQJHRI#?&iHUHZHUHWZRIHPDOHDQGVL[PDOHSDUWLFLSDQWV
ZLWKYDU\LQJGHJUHHVRIGULYLQJH[SHULHQFHKDYLQJKHOGWKHLUOLFHQVHVIRUDPHGLDQUDQJHRI#?\HDUV)RXU
SDUWLFLSDQWV RZQHG WKHLU YHKLFOHV ZKLOH WKH UHVW KDG UHJXODU DFFHVV WR D IDPLO\ZRUN FDU $YHUDJH ZHHNO\
GULYHWLPHDPRQJVWSDUWLFLSDQWVZDVEHWZHHQ#?KRXUVZLWKWKHPRVWFRPPRQMRXUQH\VEHLQJZRUNUHODWHG
VXFKDVFRPPXWLQJIROORZHGE\MRXUQH\VWRUHFUHDWLRQDODFWLYLWLHV3DUWLFLSDQWPHWULFVDUHVKRZQLQ7DEOH 
7DEOH Individual characteristics of participants that took part in observational field study. 
&iHFDUVXVHGZHUHHLWKHU WZRRUIRXUGRRUKDWFKEDFNVDQGVDORRQVUDQJLQJIURPIRXUWRQLQH\HDUVROG
1RQHRIWKHYHKLFOHVIHDWXUHGDQ\DGYDQFHGGULYHUDVVLVWDQFHV\VWHPV$'$6DQGWKHUHIRUHSHUWDLQHGWRWKH
W\SLFDO 1+76$ /HYHO  YHKLFOH DXWRPDWLRQ FODVVL'JFDWLRQ >@ &iH YHKLFOHV XVHG LQ WKH SUHOLPLQDU\ VWXG\
LQFOXGHG V\VWHPV WKDW RQO\ SURYLGHG ZDUQLQJV DXGLWRU\ YLVXDO HWF DQG DXWRPDWHG VHFRQGDU\ FRQWUROV
ZLSHUVKHDGOLJKWVHWF%HIRUHFRPPHQFLQJWKHLUMRXUQH\WKHSDUWLFLSDQWVZHUHEULHIHGDERXWWKHVWXG\DQG
LWVSXUSRVHWKHQDVNHGWR'JOORXWDSUH-HYDOXDWLRQGHPRJUDSKLFTXHVWLRQQDLUH3DUWLFLSDQWVZHUHWKHQDVNHGWR
HQWHUWKHFDUWREHJLQWKHVWXG\ 
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2QFH SDUWLFLSDQWV KDG FRPSOHWHG WKHLU UHJXODU GULYLQJ URXWH D SRVW-HYDOXDWLRQ TXHVWLRQQDLUH ZDV
DGPLQLVWHUHGWKDWIHDWXUHGDQXPEHURI'JYH-SRLQW/LNHUWVFDOH-UDWHGTXHVWLRQV&iHVHTXHVWLRQVJDWKHUHGGDWD
UHJDUGLQJWKHYHKLFXODUVRXQGVKHDUGGXULQJHDFKMRXUQH\DVZHOODVSDUWLFLSDQWV#?VXEMHFWLYHRSLQLRQVRIWKH
VRXQGV3DUWLFLSDQWVZHUH WKHQDVNHG WRSRVLWLRQ 'J&YHHQRI WKH WZHQW\ WD[RQRP\VRXQGV IURP7DEOHRQD
WZR-GLPHQVLRQDOFDUGLDJUDPVHH)LJLQWKHORFDWLRQWKH\ZRXOGSUHIHUWRKHDUWKHP6SHFL'JFDOO\VRXQGV
UHODWHGWRSULPDU\VHFRQGDU\DQGWHUWLDU\GULYLQJWDVNVZHUHWREHSRVLWLRQHGRQWKHGLDJUDP&iH
'JYHH[WHUQDOVRXQGVVHH7DEOHZHUHRPL&?HGIURPWKLVVWDJHRIWKHHYDOXDWLRQDVWKH\GLGQRWRFFXUIURP
ZLWKLQ WKH YHKLFOH )LQDOO\ SDUWLFLSDQWV ZHUH DVNHG WR KLJKOLJKW ZKLFK VRQLF SDUDPHWHUV FDSWXUHG WKHLU
D&?HQWLRQZKHQKHDULQJHDFKRIWKHVRXQGVIURPWKHWD[RQRP\&iHVRQLFSDUDPHWHUVSDUWLFLSDQWVZHUHDVNHG
WRKLJKOLJKWZHUH3LWFK7LPEUH/RXGQHVV7HPSR5HSHWLWLRQ0HORG\DQG'XUDWLRQ3DUWLFLSDQWVZHUHSURYLGHG
ZLWKGHVFULSWLRQVRIHDFKVRQLFSDUDPHWHUWRHQVXUHWKH\ZHUHDZDUHRIHDFK&iLVSURYLGHGHDFKSDUWLFLSDQW
ZLWKDFRPPRQXQGHUVWDQGLQJRIHDFKVRQLFSDUDPHWHU 
)LQGLQJV 
1HZO\2EWDLQHG6RXQGV )RXUWHHQQHZVRXQGVZHUHREWDLQHGGXULQJ WKHSUHOLPLQDU\ 'JHOG VWXG\ LQ
DGGLWLRQWRWKHSLORWVWXGLHV2IWKHVHIRXUWHHQQHZVRXQGVWZRZHUHSULPDU\GULYLQJWDVNVRXQGVQLQHZHUH
VHFRQGDU\WDVNVRXQGVDQGWKUHHZHUHH[WHUQDOVRXQGV1RDGGLWLRQDOWHUWLDU\WDVNVRXQGVRFFXUUHGGXULQJWKH
SUHOLPLQDU\ 'JHOG VWXG\ &iH IRXUWHHQ QHZO\ REWDLQHG VRXQGV  ZHUH PRVW R&YHQ QRWL'JFDWLRQV IRU YDULRXV
PHFKDQLFDOFDUIHDWXUHVHJVHUYLFHUHTXLUHPHQWQRWL'JFDWLRQVW\UHSUHVVXUHZDUQLQJV&iHVH'JQGLQJVVKRZHG
WKDWSULPDU\DQGWHUWLDU\WDVNVRXQGVZHUHVLPLODUDFURVVWKHVSHFWUXPRIYHKLFOHVWKDWZHUHXVHGGXULQJWKH
VWXG\+RZHYHUGHSHQGLQJRQWKHEUDQGDJHDQGIHDWXUHVRIHDFKFDUVHFRQGDU\WDVNVRXQGVYDULHG 
6RXQGV2FFXUUHG6RXQGV,GHQWLILHG	5HVSRQVHV3URYRNHG &iH WZHQW\ WD[RQRP\ VRXQGV 7DEOH 
RFFXUUHG D WRWDO RI  WLPHV GXULQJ WKH HLJKW MRXUQH\V )LJ  GLVSOD\V WKH PHDQ RFFXUUHQFHV QXPEHU RI
UHVSRQVHV SURYRNHG DQG WKH WRWDO QXPEHU RI WLPHV VRXQGV ZHUH LGHQWL'JHG E\ GULYHUV DFURVV SULPDU\
VHFRQGDU\ WHUWLDU\ DQG H[WHUQDO VRXQG FDWHJRULHV DVPHQWLRQHG LQ WKH 3URFHGXUH VHH6HFWLRQ  S 7R
UHLWHUDWHVRXQGVLGHQWL'JHGZHUHH[SOLFLWO\QRWHGE\WKHGULYHUDQGFRPPXQLFDWHGWRWKHREVHUYLQJUHVHDUFKHU
E\UDLVLQJD'JQJHU6RXQGVSURYRNHGZHUHWKRVHWKDWLQLWLDWHGDGLUHFWLQWHUDFWLRQEHWZHHQWKHSDUWLFLSDQWDQG
WKHYHKLFOH 
 
)LJ Mean sound occurrences, responses provoked and sounds identified. 
3ULPDU\ WDVN VRXQGV SURYRNHG D UHVSRQVH  RI WKH WLPH 6HFRQGDU\ WDVN VRXQGV SURYRNHG D UHVSRQVH
RIWKHWLPH7HUWLDU\WDVNVRXQGVSURYRNHGDUHVSRQVHRIWKHWLPHDQGH[WHUQDOVRXQGVSURYRNHGD
UHVSRQVH  RI WKH WLPH LQ SDUWLFLSDQWV &iHVH UHVXOWV SURSRVH WKDW ZKLOH SULPDU\ GULYLQJ WDVN VRXQGV
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RFFXUUHG PRVW R&YHQ DFURVV DOO RI WKH MRXUQH\V IHZHUUHVSRQVHV ZHUH SURYRNHG WKDQ WKH OHVV IUHTXHQWO\
RFFXUULQJ VHFRQGDU\ DQG WHUWLDU\ GULYLQJ WDVN VRXQGV 7RWDO VRXQG RFFXUUHQFH 'JQGLQJV KLJKOLJKWHG WKDW
VRXQGV UHODWHG WRSULPDU\GULYLQJ WDVNVRFFXUUHGPRUHR&YHQ WKDQ RWKHU FDWHJRULHV VHFRQGDU\ WHUWLDU\ DQG
H[WHUQDOGXULQJSDUWLFLSDQWMRXUQH\V 
+RZHYHU 'JQGLQJV DOVR VKRZHG WKDW SULPDU\ GULYLQJ WDVN VRXQGV SURYRNHG IHZHU UHVSRQVHV IURP
SDUWLFLSDQWVWKDQWKHRWKHUVRXQGFDWHJRULHV([WHUQDOVRXQGVZHUHWKHOHDVWLGHQWL'JHGRIDOOVRXQGFDWHJRULHV
DQGSURYRNHGWKHIHZHVWUHVSRQVHV3ULPDU\GULYLQJVRXQGVRFFXUUHGPRUHR&YHQWKDQVHFRQGDU\
DQG WHUWLDU\ WDVN VRXQGV EXW ZHUH LGHQWL'JHG OHDVW R&YHQ &iLV UHVXOW VXJJHVWV GULYHUV PD\ KDYH IHOW LW ZDV
XQQHFHVVDU\ WR UHVSRQG WR SULPDU\ GULYLQJ VRXQGV ZKLOH WKH VDPH FRQWLQXRXV LQIRUPDWLRQ ZDV EHLQJ
SURYLGHG ,Q FRQWUDVW SDUWLFLSDQWV PD\ KDYH JLYHQ WKH OHVV IUHTXHQW VHFRQGDU\ DQG WHUWLDU\ GULYLQJ WDVN
VRXQGVPRUHLPSRUWDQFHUHVXOWLQJLQPRUHSURYRNHGUHVSRQVHV&iLVVXJJHVWVWKDWSDUWLFLSDQWVDVVHVVHGWKH
IUHTXHQF\ RI WKH VRXQG DQG LWV LPSRUWDQFH LQ UHODWLRQ WR WKH GULYLQJ WDVN EHIRUH PDNLQJ WKHLU GHFLVLRQ WR
UHVSRQG 
&iHSUHOLPLQDU\ 'JHOGVWXG\ 'JQGLQJVDOVRVXJJHVWHG WKDW SDUWLFLSDQWVSULRULWLVHGVRXQGVGHSHQGLQJRQWKH
IXQFWLRQWRZKLFKWKH\DUHD&?DFKHG)RUH[DPSOHWKHH[WHULRUVRXQG#?5RDG7\UH1RLVH#픀 RFFXUUHGWZHQW\-IRXU
WLPHV \HW SURYRNHG D UHVSRQVH 'JYH WLPHV DQG ZDV LGHQWL'JHG E\ WZR SDUWLFLSDQWV #?5RDG7\UH1RLVH#픀 ZDV D
FRQWLQXRXVVRXQGWKDWLQFUHDVHGLQLQWHQVLW\GHSHQGLQJRQWKHVSHHGRIYHKLFOH'XHWRLWVFRQWLQXRXVQDWXUH
SDUWLFLSDQWVPD\KDYHGHHPHGLWOHVVLPSRUWDQWDQGWKHUHIRUHFKRVHQRWWRUHVSRQGWRLWZKLOVWLWZDVDXGLEOH
,QFRQWUDVWWKHLQGLFDWRUVRXQGHGDWRWDORIIRUW\WLPHVWKLUW\-WKUHHRIWKRVHRFFXUUHQFHVSURYRNHGDUHVSRQVH
DQGWKLUW\ZHUHDFWLYHO\LGHQWL'JHGE\SDUWLFLSDQWV 
   6RQLF 3DUDPHWHU )LQGLQJV  $&YHU KHDULQJ HDFK RI WKH GL'IHUHQW VRXQGV IURP RXU WD[RQRP\
SDUWLFLSDQWVZHUHDVNHGWR UDWHZKLFKVRQLFSDUDPHWHUVFDSWXUHGWKHLUD&?HQWLRQPRVW IUHTXHQWO\XVLQJ 'JYH-
SRLQW/LNHUWVFDOHV&iHVRQLFSDUDPHWHUVSDUWLFLSDQWV ZHUHDVNHGWRKLJKOLJKWZHUH3LWFK7LPEUH/RXGQHVV
7HPSR 5HSHWLWLRQ 0HORG\ DQG 'XUDWLRQ 7DEOH  KLJKOLJKWV WKH PHDQ SDUWLFLSDQW UHVSRQVHV WR HDFK VRQLF
SDUDPHWHU WKDW FDSWXUHG WKHLU D&?HQWLRQ GL'IHUHQW VRXQGVIURP HDFK FDWHJRU\ ZHUH KHDUG 0HDQ UHVSRQVHV
VXJJHVWHG 3LWFK DQG 7LPEUH FDSWXUHG SDUWLFLSDQW D&?HQWLRQ PRVW R&YHQ ZKHQ KHDULQJ SULPDU\ GULYLQJ WDVN
VRXQGV 3DUWLFLSDQWV IRXQG 5HSHWLWLRQ FDSWXUHG WKHLU D&?HQWLRQ OHDVW IRU SULPDU\ GULYLQJ VRXQGV /RXGQHVV
FDSWXUHGSDUWLFLSDQWD&?HQWLRQPRVWR&YHQIRUVHFRQGDU\WDVNRXQGVWHUWLDU\WDVNVRXQGVDQGH[WHUQDOVRXQGV
3DUWLFLSDQWVDOVRKLJKOLJKWHGWKDW3LWFKDQG'XUDWLRQFDSWXUHGWKHLUD&?HQWLRQZKHQKHDULQJVRXQGVUHODWHGWR
VHFRQGDU\DQGH[WHUQDOGULYLQJWDVNV5HSHWLWLRQZDVDOVRXVHIXOWRFDSWXUHSDUWLFLSDQWD&?HQWLRQZKHQKHDULQJ
H[WHUQDO VRXQGV ,W LV LPSRUWDQW WR QRWH WKDW DW ORZ ORXGQHVV OHYHOV SHUFHSWXDO LQWHUDFWLRQV FDQ RFFXU ZLWK
3LWFKDQG/RXGQHVVZKLFKPD\KDYHGLPLQLVKHGWKHH'IHFWLYHQHVVRI 3LWFK WRFDSWXUHGULYHUD&?HQWLRQDW ORZ
YROXPHV>@ 
7DEOH Mean participant responses for sonic parameters across sound categories. Five-point Likert scale-rated data. (1 = 
Strongly Disagree, 5 = Strongly Agree). 
6RQLF3DUDPHWHU 3ULPDU\ 6HFRQGDU\ 7HUWLDU\ ([WHUQDO 
/RXGQHVV     
'XUDWLRQ     
3LWFK     
7LPEUH     
0HORG\     
5HSHWLWLRQ     
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)LJ Participant sound positioning. Blue squares represent primary task sounds, red circles represent secondary task 
sounds and yellow stars represent tertiary task sounds. 
6RXQG'LUHFWLRQ)LQGLQJV 3DUWLFLSDQWV ZHUH DVNHG ZKHWKHU WKH\ IHOW WKH GLUHFWLRQ LQZKLFK VRXQGV
DSSHDUHGZDVXVHIXOWRSUHVHQWLQIRUPDWLRQUHODWHGWRWKHGULYLQJWDVN&iLV/LNHUWVFDOH -UDWHGTXHVWLRQUDQJHG
IURP  6WURQJO\ 'LVDJUHH WR  6WURQJO\ $JUHH &iH PDMRULW\ RI SDUWLFLSDQWV  RXW RI  VWDWHG WKH\
#?6RPHZKDW $JUHHG#픀  RQ /LNHUW VFDOH WKDW WKH GLUHFWLRQ LQ ZKLFK VRXQGV DSSHDUHG ZDV XVHIXO IRU WKH
SUHVHQWDWLRQRIGULYLQJLQIRUPDWLRQ3DUWLFLSDQWVZHUHDVNHGWRPDUNGRZQWKHORFDWLRQVRIGL'IHUHQWVRXQGV
IURPRXUWD[RQRP\WRKLJKOLJKWZKHUHWKH\ZRXOGKDYHSUHIHUUHGWRKHDUHDFKVRXQGRULJLQDWH)LJGLVSOD\V
WKHYDULRXVVRXQGSRVLWLRQVPDUNHGE\SDUWLFLSDQWVIRUHDFKWDVNFDWHJRU\SULPDU\VHFRQGDU\DQGWHUWLDU\DV
KLJKOLJKWHGLQWKHWD[RQRP\LQ7DEOH%OXHVTXDUHVUHSUHVHQWSULPDU\GULYLQJVRXQGUHVSRQVHVUHGFLUFOHV
UHSUHVHQW VHFRQGDU\ VRXQG UHVSRQVHV DQG \HOORZ VWDUV UHSUHVHQW WHUWLDU\ VRXQG UHVSRQVHV &OXVWHULQJ RI
SULPDU\ VHFRQGDU\ DQG WHUWLDU\ WDVN VRXQGV LQ IURQW RI WKH GULYHU-VLGH GDVKERDUG ZDV REVHUYHG DV ZHOO DV
QXPHURXVVRXQGV ORFDWHGDORQJ WKH IURQWGRRUSDQHOVRQERWKVLGHVRI WKHFDUGLDJUDP&iLVFOXVWHULQJZDV
H[SHFWHGDVWKHVWXG\ZDVFRQGXFWHGRQ8.URDGVZKHUHYHKLFOHVGULYHRQWKHOH&Y-KDQGVLGHRIWKHURDG 
$W'JUVWJODQFHWKHSRVLWLRQLQJRIGULYLQJVRXQGVDSSHDUHGWRUH'KHFWORFDWLRQVZKHUHSDUWLFLSDQWVLQWHUDFWHG
ZLWKYHKLFOHFRQWUROVDVLQ7¸QQLVHWDO#?VUHVHDUFK>@+RZHYHUIXUWKHUDVVHVVPHQWRIVRXQGVZLWKLQHDFK
WDVNFDWHJRU\SULPDU\VHFRQGDU\DQGWHUWLDU\KLJKOLJKWHGWKDWSDUWLFLSDQWVVHOHFWHGDYDULHW\RIDOWHUQDWLYH
SRVLWLRQVR&YHQXQUHODWHGWRWKHORFDWLRQRISK\VLFDOFRQWURO 
3ULPDU\GULYLQJWDVNVRXQGVZHUHWKHPRVWGLVSHUVHGZLWKQXPHURXVVRXQGVSRVLWLRQHGDZD\IURPWKHLU
UHODWHG SK\VLFDO FRQWUROV DQG WKH PHFKDQLFDO IXQFWLRQ FUHDWLQJ WKH VRXQGV )RU H[DPSOH SDUWLFLSDQWV
SRVLWLRQHGEUDNLQJVRXQGVDW WKHEUDNHGLVFVRI WKHYHKLFOHEXWDOVRSRVLWLRQHGEUDNLQJVRXQGVWRZDUGVWKH
UHDU RI WKH YHKLFOH ZLWKLQ WKH FDELQ 0XOWLSOH SDUWLFLSDQWV DOVR SRVLWLRQHG JHDU FKDQJLQJ VRXQGV DW YDULRXV
ORFDWLRQV WKURXJKRXW WKH LQWHULRU RI WKH YHKLFOH ,W LV XQFOHDU ZK\ VRPH SDUWLFLSDQWV GHYLDWHG IURP WKH
SUHGLFWHGORFDWLRQVWKDWZHUHLQIHUUHGIURP7¸QQLVHWDO#?VUHVHDUFK>@&iHVH'JQGLQJVVXJJHVWHGWKDWVRPH
SDUWLFLSDQWVPD\KDYHZHOFRPHGVRXQGVUHODWHGWRSULPDU\GULYLQJWDVNVWREHORFDWHGLQDOWHUQDWLYHSRVLWLRQV
WR WKHLU WUDGLWLRQDOPHFKDQLFDOO\ERXQG ORFDWLRQV ,QFRQWUDVWDOORI WKHVRXQGVUHODWHGWRVHFRQGDU\GULYLQJ
WDVNVZHUHSODFHGDWWKHLUSK\VLFDOFRQWUROORFDWLRQVE\SDUWLFLSDQWVDVVKRZQE\)LJ7HUWLDU\WDVNVRXQGV
ZHUHPRVWR&YHQSRVLWLRQHGLQPXOWLSOHORFDWLRQVE\SDUWLFLSDQWVDURXQGWKHFDELQRIWKHYHKLFOH:KLOHPRUH
QXPHURXV WKDQVHFRQGDU\GULYLQJVRXQGVSDUWLFLSDQWVPRVWR&YHQSRVLWLRQHG WHUWLDU\ WDVN VRXQGV LQ VLPLODU
ORFDWLRQVWRWKHLUSK\VLFDOFRQWUROORFDWLRQV6RXQGGLUHFWLRQ'JQGLQJVVXJJHVWHGWKDWSDUWLFLSDQWVZHUHLQIDFW
PRUHZLOOLQJWRKDYHSULPDU\GULYLQJVRXQGVSUHVHQWHGLQGL'IHUHQWORFDWLRQVWKDQVXJJHVWHGE\7¸QQLVHWDO
>@ 
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3UHOLPLQDU\6WXG\&RQFOXVLRQV 
2XUSUHOLPLQDU\VWXG\HVWDEOLVKHG WKDWSULPDU\GULYLQJ WDVNVRXQGVDFFRXQWHG IRU WKHPDMRULW\RI VRXQG
RFFXUUHQFHV DFURVV WKH FDU MRXUQH\V WDNHQ :KLOH SULPDU\ GULYLQJ WDVN VRXQGV RFFXUUHG PRVW R&YHQ
SDUWLFLSDQWVUHDFWHGWRWKHPOHVVWKDQZKHQVHFRQGDU\DQGWHUWLDU\WDVNVRXQGVRFFXUUHG$VLPLODUWUHQGZDV
DOVRVKRZQIRUWKHLGHQWL'JFDWLRQRIVRXQGV&iHVH'JQGLQJV VXJJHVWHGWKDWWKHSDUWLFLSDQWV'JUVWDVVHVVHGKRZ
R&YHQWKHVRXQGVZHUHKHDUGWKHQDVVHVVHGWKHLPSRUWDQFHRIWKHVRXQGLQUHODWLRQWRWKHGULYLQJWDVN&iHVH
DVVHVVPHQWVWKHQLQ'KXHQFHGWKHLUGHFLVLRQWRUHVSRQGWRWKHVRXQG 
3DUWLFLSDQWV KLJKOLJKWHG WKDW RYHUDOO WKH /RXGQHVV RI WKH VRXQGV KHDUG FDSWXUHG WKHLU D&?HQWLRQ PRVW
IUHTXHQWO\ +RZHYHU ZKHQ VRXQGV ZHUH FODVVL'JHG E\ GULYLQJ WDVN WKH 3LWFK DQG 7LPEUHRISULPDU\ GULYLQJ
WDVN VRXQGV FDSWXUHG WKH D&?HQWLRQ RI SDUWLFLSDQWV PRVWIUHTXHQWO\ :KHUHDV IRU VHFRQGDU\ WHUWLDU\ DQG
H[WHUQDO GULYLQJ WDVN VRXQGV WKH /RXGQHVVRI WKH VRXQGV FDSWXUHG SDUWLFLSDQW D&?HQWLRQ PRVW IUHTXHQWO\
6RXQGGLUHFWLRQ'JQGLQJVVKRZHGWKDWSDUWLFLSDQWVSODFHGVHFRQGDU\DQGWHUWLDU\WDVNVRXQGVDWWKHLUSK\VLFDO
FRQWURO ORFDWLRQV DV VKRZQ LQ )LJ  ,Q FRQWUDVW SULPDU\ GULYLQJ WDVN VRXQGV ZHUH PRUH R&YHQ SODFHG LQ
XQH[SHFWHG ORFDWLRQV XQUHODWHG WR WKH VRXQG#?V SK\VLFDOFRQWURO ORFDWLRQ VXFK DV WKH SODFHPHQW RI EUDNLQJ
VRXQGV DW WKH UHDU RI WKH YHKLFOH DV RQH SDUWLFLSDQW QRWHG 2XU 'JQGLQJV GR QRW HVWDEOLVK ZK\ SDUWLFLSDQWV
SODFHGSULPDU\WDVNVRXQGV LQPRUHXQH[SHFWHGORFDWLRQV+RZHYHU 'JQGLQJVVXJJHVW WKDWSDUWLFLSDQWVZHUH
PRUHZLOOLQJWRKDYHSULPDU\GULYLQJWDVNVRXQGVDSSHDULQXQH[SHFWHGORFDWLRQVUDWKHUWKDQVHFRQGDU\DQG
WHUWLDU\ WDVN VRXQGV 2YHUDOO WKH SUHOLPLQDU\ 'JHOG VWXG\#?V 'JQGLQJV KLJKOLJKWHG WKDW DXGLWRU\ IHHGEDFN
FRQWULEXWHGVXEVWDQWLDOO\LQWKHSUHVHQWDWLRQRIGULYLQJLQIRUPDWLRQLQWKHSDUWLFLSDQWV#?YHKLFOHV 
3UHYLRXV UHVHDUFK E\ %HD&?LH HW DO >@ KLJKOLJKWHG WKDW VWDWLFDOO\ VSDWLDOLVLQJ SULPDU\ GULYLQJ VRXQGV
SURYLGHG ORZHU GULYHU ZRUNORDGV LQ FRPSDULVRQ WR WUDGLWLRQDOO\ ORFDWHG GULYLQJ VRXQGV &iLV UHVHDUFK DOVR
KLJKOLJKWHGWKHXVHIXOQHVVRIHDUFRQVDVDQDOWHUQDWLYHVRXQGFXHW\SHWRZHOO-UHFRJQLVHGPHFKDQLFDOGULYLQJ
VRXQGV >@ %DVHG RQ WKH 'JQGLQJV IURP RXU SUHOLPLQDU\ 'JHOG VWXG\ ZH H[WHQGHG %HD&?LH HW DO#?V SUHYLRXV
UHVHDUFK E\ GHYHORSLQJ D VHW RI 6SDWLDO(DUFRQV 2XU 6SDWLDO(DUFRQ VWXG\ ZDV WKHQ FRQGXFWHG LQ D PRUH
UHDOLVWLF RXWGRRU HQYLURQPHQW WKDQ %HD&?LH HW DO#?V VWXG\ >@ WR HYDOXDWH WKH XVHIXOQHVV RI WKHVH W\SHV RI
HDUFRQVIRULQIRUPDWLRQSUHVHQWDWLRQLQDXWRPDWHGYHKLFOHV 
63$7,$/($5&21678'< 
&iH DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH ZKHWKHU RXU 6SDWLDO(DUFRQV FRXOG SURYLGH D JUHDWHU IHHOLQJ RI
FRQWURO WRGULYHUVRIDXWRPDWHGYHKLFOHV WKDQ([LVWLQJ9HKLFOH6RXQGV7RDGGUHVV WKLVDLPDXVHU VWXG\ZDV
FRQGXFWHGXVLQJDGHVNWRSGULYLQJVLPXODWRUVHWXSORFDWHGLQDQRXWGRRUFDUSDUNLQRUGHUWRDQVZHUTXHVWLRQV
WZRDQGWKUHHRIWKLVUHVHDUFKZKLFKZHUH 
$UH 6SDWLDO(DUFRQV PRUH XVHIXO WKDQ ([LVWLQJ9HKLFOH6RXQGV WR SUHVHQW SULPDU\ GULYLQJ WDVN
LQIRUPDWLRQLQDXWRPDWHGYHKLFOHV"54 
&DQ6SDWLDO(DUFRQVSURYLGHDIHHOLQJRIFRQWUROWRGULYHUVRIDXWRPDWHGYHKLFOHV"54 
'ULYLQJ7DVN 
&iH GULYLQJ VLPXODWRU VWXG\ IHDWXUHG WZR GULYLQJ FRQGLWLRQV PDQXDO DQG DXWRPDWHG DQG WZR DXGLWRU\
IHHGEDFN W\SHV ([LVWLQJ 9HKLFOH 6RXQGV DQG 6SDWLDO (DUFRQV &iXV SDUWLFLSDQWV XQGHUWRRN IRXU GULYLQJ
VFHQDULRV IROORZLQJWKHSURFHGXUHRI%HD&?LHHWDO>@'XULQJWKHPDQXDOFRQGLWLRQV 1+76$/HYHO >@
SDUWLFLSDQWVFRQWUROOHG2SHQ'ULYLQJ6LPXODWRU2SHQ'6VR&YZDUHYLDDVWHHULQJZKHHODQGSHGDOV2SHQ'6
ZDVVHOHFWHGDVLWSURYLGHGDVXLWDEOHSODWIRUPIURPZKLFKWRFRQ'JJXUHRXUGL'IHUHQWDXGLWRU\GLVSOD\P HWKRGV
>@ $Q H[DPSOH RI WKH VLPXODWRU VHWXS LV VKRZQ LQ )LJ  3DUWLFLSDQWV ZHUH SUHVHQWHG ZLWK DQ LGHQWLFDO
VFHQDULR #?&RXQWU\VLGH#?ZKLFK FDPH EXQGOHG ZLWK 2SHQ'6 &iLV VFHQDULR IHDWXUHG D GD\-WLPH YLUWXDO
HQYLURQPHQW FRQVLVWLQJRIDZLQGLQJVLQJOH-ODQH URDG3DUWLFLSDQWVGURYHDORQJ WKLV URDG IRUDSSUR[LPDWHO\
'JYHPLQXWHVSHUVFHQDULRPLQVWRWDOGULYLQJEHIRUH HQFRXQWHULQJD7-MXQFWLRQDWZKLFKSRLQW WKH\ZHUH
DVNHG WR VWRS WKH YHKLFOH $UWL'JFLDOO\ LQWHOOLJHQW $, YHKLFOHV QDYLJDWHG WKH HQYLURQPHQW RQ SUH-GH'JQHG
URXWHV DFWLQJ DV YLUWXDO WUD'LF &iH LQFOXVLRQ RI WKHV H $, YHKLFOHV REOLJDWHG SDUWLFLSDQWV WR UHDFW WR VXGGHQ
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HYHQWV VXFK DV VORZ-PRYLQJ RU WXUQLQJ YHKLFOHV 3DUWLFLSDQWV DOO H[SHULHQFHG WKH VDPH GULYLQJ URXWH EXW
HQFRXQWHUHGWKHVDPHYROXPHRI$,YHKLFOHVDWGL'IHUHQWVWDJHVRIWKHMRXUQH\GHSHQGLQJRQKRZWKH\ZHUH
SRSXODWHGZKHQWKHGULYLQJURXWHFRPPHQFHG3DUWLFLSDQWVZHUHSUHVHQWHGZLWKD'JUVW-SHUVRQYLHZLQRUGHU
WRSURYLGHDUHDO-ZRUOGGULYLQJSRVLWLRQDQGZHUHUHTXLUHGWRGULYHRQWKHULJKW-KDQGVLGHRIWKHURDGDVWKLV
ZDVWKHGHIDXOWVHWXSRI2SHQ'6DQGWKHVWXG\ZDVFRQGXFWHGZLWK8.GULYHUV 
7RSURGXFHWKHVLPXODWHGDXWRPDWHGYHKLFOHMRXUQH\VDVLPLODUDSSURDFKWRWKDWRI1\HVWHDQG:RJDOWHU
>@ZDVXVHG&iHLUVWXG\SUHVHQWHGYLGHRVRID7R\RWD3ULXVGULYLQJZKLOVWGL'IHUHQWVRXQGW\SHVZHUHSOD\HG
EDFNWRXVHUV2XUYLGHRFOLSVODVWHG'JYHPLQXWHVDQGIHDWXUHGDVHULHVRIGULYLQJPDQRHXYUHVDJDLQZLWKLQWKH
#?&RXQWU\VLGH#?VFHQDULR RI 2SHQ'6 &iH YLGHR IHDWXUHG WKH VDPH YLHZ SDUWLFLSDQWV H[SHULHQFHG GXULQJ WKH
PDQXDOVWDJHRIWKHVWXG\'XULQJWKHDXWRPDWHGVWDJHSDUWLFLSDQWVZHUHDVNHGWRVLWDQGREVHUYHWKHMRXUQH\
SD\LQJD&?HQWLRQWRWKHVRXQGVXQWLOWKHVFHQDULRFRPSOHWHG 
 
)LJ'ULYLQJ simulator setup 
$XGLWRU\'LVSOD\V 
2XU WZR DXGLWRU\ GLVSOD\ W\SHV HDFK FRQWDLQHG IRXU PDMRU SULPDU\ GULYLQJ VRXQGV DV QRWHG E\ >@
DFFHOHUDWLRQEUDNLQJ LQGLFDWLRQDQGJHDUFKDQJLQJ$OOVRXQGVZHUHGHOLYHUHGXVLQJDVXUURXQGVSHDNHU
VHWXS SRVLWLRQHG DURXQG WKH YHKLFOH 6\QWKHVLVHG URDG QRLVH ZDV DGGHG WR 2SHQ'6 WKDW PRGXODWHG E\
ORXGQHVVGHSHQGLQJRQYHKLFOH#?VVSHHG:HDOVRHQVXUHGSDUWLFLSDQWVFRXOGFOHDUO\KHDUDQ\H[WHUQDOGULYLQJ
QRLVHV RFFXUULQJ IURP WKH HQYLURQPHQWV RI RXU VWXG\ VHWXS &UHDWHG VRXQGV DUH DYDLODEOH DV SDUW RI WKH
SXEOLFDWLRQDVDGRZQORDGDEOHGDWDVHWDWK&?SZZZL&?JURXSRUJ'JOH-UHSRVLWRU\ 
  ([LVWLQJ9HKLFOH6RXQGV  &iH ([LVWLQJ9HKLFOH6RXQGV ZHUH D JURXS RI IDPLOLDU PRGHUQ LQWHUQDO
FRPEXVWLRQHQJLQH,&(VRXQGVSURGXFHGE\%HD&?LHHWDO>@DQGFDQEHREWDLQHGDVDGRZQORDGDEOHUHVRXUFH
IURP K&?SZZZL&?JURXSRUJ'JOH-U SRVLWRU\VWXG\BVRXQGBSDUW 	 VWXG\BVRXQGVBSDUW &iHVH VRXQGV
ZHUHIURPD9RONVZDJHQ3RORDQGHOLFLWHGWKHW\SLFDOVRQLFFKDUDFWHULVWLFVSDUWLFLSDQWVZRXOGFRPPRQO\KHDU
ZKLOVWFRQWUROOLQJWKHLURZQYHKLFOH 
6SDWLDO(DUFRQV &iH 6SDWLDO(DUFRQVFUHDWHGIRUWKHVWXG\ZHUHLQ'KXHQFHGE\WKH'JQGLQJVRI%HD&?LH
HW DO >@ DQGRXU SUHOLPLQDU\ 'JHOG VWXG\ 6RXQGVZHUH FUHDWHG XVLQJ WKH5HDVRQ  DXGLR FUHDWLRQ VR&YZDUH
>@$VGHVFULEHGHDUOLHUHDUFRQVDUHDXGLRPHVVDJHVFRQVLVWLQJRIVWUXFWXUHGPXVLFDOWRQHV(DFKHDUFRQZDV
FUHDWHG WR UHSOLFDWH WKH VRQLFTXDOLWLHVRI ([LVWLQJ9HKLFOH6RXQGV DQG IROORZHG WKHJHQHUDO GHVLJQJXLGHOLQHV
ODLGRXWE\%UHZVWHUHWDO>@%RWKFRQWLQXRXVDQGGLVFUHWHIRUPVZHUHFUHDWHGGHSHQGLQJRQWKHQDWXUHRI
WKH LQIRUPDWLRQ EHLQJ SUHVHQWHG )RU H[DPSOH WKH DFFHOHUDWLRQGHFHOHUDWLRQ VRXQG ZDV D UHSUHVHQWDWLRQDO
HDUFRQ XVLQJ D FRQWLQXRXV V\QWKHVLVHG PXOWL-WH[WXUHG ZDYHIRUP DQDORJRXV WR WKDW RI WKH ([LVWLQJ9HKLFOH
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6RXQGVDFFHOHUDWLRQGHFHOHUDWLRQ:KHUHDVJHDU-FKDQJLQJDQGLQGLFDWRUVRXQGVZHUHGLVFUHWHDEVWUDFWHDUFRQV
XVHGWRVLJQLI\WKHHYHQWVWDWHFKDQJH&iHIROORZLQJVHFWLRQGLVFXVVHVHDFKLQGLYLGXDOSDUDPHWHUDQGKRZWKH
UHVSHFWLYH HDUFRQV ZHUH GHVLJQHG DURXQG WKHVH EHJLQQLQJ ZLWK 7LPEUH5HJLVWHU DQG 5K\WKP WR FUHDWH WKH
EDVLFVWUXFWXUH>@ 
7LPEUH (DFKRI WKHGL'IHUHQWHDUFRQVFUHDWHGZHUHVHSDUDWHG LQWR GLVWLQFW IDPLOLHVXVLQJGL'IHULQJ
7LPEUHV$FFHOHUDWLRQDQGEUDNLQJVRXQGVZHUHFUHDWHGXVLQJDFRQWLQXRXVV\QWKHVLVHGZDYHIRUP&iLVVRXQG
ZDVFUHDWHGXVLQJWZRFRPSOH[ZDYHIRUPVOD\HUHGRQWRSRIHDFKRWKHUZKLFKFUHDWHGDGLVWLQFW7LPEUHZLWK
PXOWLSOHKDUPRQLFV VLPLODU WR WKH #?KXP#?RI D YHKLFOH HQJLQH &iHJHDU FKDQJLQJ HDUFRQ XVHGD V\QWKHVLVHG
NH\ERDUG #?VD[RSKRQH#?7LPEUH DQG WKH LQGLFDWRU VRXQG XWLOLVHG D V\QWKHVLVHG NH\ERDUG #?PDULPED#?7LPEUH
$GGLWLRQDOO\WKHYHKLFOHLJQLWLRQIHDWXUHGDV\QWKHVLVHG#?5KRGHVNH\ERDUG#?&iHGL'IHUHQW 7LPEUHVXVHGZHUH
GLVWLQFWDQGHDV\WRWHOODSDUW&iLVHQVXUHGWKDWGULYHUVZRXOGEHDEOHWRGL'IHUHQWLDWHHDFKIDPLO\RIHDUFRQV
ZKHQKHDUG 
5HJLVWHU	3LWFK &iH 5HJLVWHUDQG3LWFKYDULHGGHSHQGLQJRQWKHLQIRUPDWLRQHDFKHDUFRQFRQYH\HG
&iH 3LWFK RI WKH DFFHOHUDWLRQ DQG EUDNLQJ HDUFRQV ZDV PDSSHG WR WKH HQJLQH#?V 530 DQG YDULHG DFURVV WZR
RFWDYHV GHSHQGLQJ RQ WKH YHKLFOH#?V HQJLQH VWDWH $W 530 HQJLQH LGOH WKH VRXQG SOD\HG RQ QRWH )
+] $W PD[LPXP 530 530 WKH VRXQG SOD\HG WZR RFWDYHV KLJKHU RQ QRWH ) +] &iUHH
HDUFRQVZHUHQHHGHG WR UHSUHVHQW FKDQJLQJXSD JHDU FKDQJLQJGRZQ DQG UHYHUVH JHDU$OO JHDU-FKDQJLQJ
VRXQGVXVHGWZRQRWHVZLWKLQRFWDYH&iHJHDU-XSHDUFRQSOD\HGWKH 'JUVWQRWHRQ&+]WKHQSOD\HG
&+]RQHVHPL-WRQHXSDSSUR[LPDWHO\PVD&YHUWKH'JUVWQRWH&iHJHDUGRZQHDUFRQUHYHUVHGWKH
RUGHURIQRWHVVWDUWLQJRQ&DQGHQGLQJRQ&&iHUHYHUVHJHDUHDUFRQ 'JUVWSOD\HG&WKHQPVD&YHU
SOD\HG&&iHLQGLFDWRUHDUFRQZDVSOD\HGRQQRWH*+]&iHLQGLFDWRUHDUFRQSOD\HGRQDVLQJXODU
QRWHWRPLPLFWKHLQGLFDWRUVRXQGRIDW\SLFDOPDQXDOO\FRQWUROOHGYHKLFOH)LQDOO\WKHLJQLWLRQHDUFRQSOD\HG
WKUHH FRQVHFXWLYHQRWHV IURPWKH&0DMFKRUGVWDUWLQJRQ PLGGOH& +] DV WKHYHKLFOHZDV WXUQHGRQ
:KHQWKHLJQLWLRQZDVWXUQHGR'IWKHQRWHVRI&0DMZHUHSOD\HGFRQVHFXWLYHO\LQUHYHUVHRUGHU 
5K\WKP'XUDWLRQ	7HPSR ,Q DFFRUGDQFHZLWK%UHZVWHU HW DO#?V >@JXLGHOLQHV5K\WKPVRIHDFK
HDUFRQ IDPLO\ ZHUH PDGH DV GL'IHUHQW DV SRVVLEOH WR PLQLPLVH FRQIXVLRQ ZKHQ KHDULQJ WKHP &iH
DFFHOHUDWLRQEUDNLQJHDUFRQZDVDFRQWLQXRXVWRQHKHDUGLPPHGLDWHO\D&YHUWKHYHKLFOHLJQLWLRQZDVDFWLYDWHG
&iLVVRXQG'KXFWXDWHGLQ3LWFKDQGGXHWRWKHXVHRIWZRVHSDUDWHZDYHIRUPVDVWKH3LWFKLQFUHDVHGWKHSKDVH
EHWZHHQHDFKZDYHIRUPLQFUHDVHG)OXFWXDWLRQVLQSKDVHPRGXODWHGWKH5K\WKPRIWKHVRXQGZKLFKKHOSHG
FRQYH\ DQ LQFUHDVH DQG GHFUHDVH LQ HQJLQH 530 &iH JHDU FKDQJH HDUFRQV DOO XWLOLVHG WKH VDPH 5K\WKP
'XUDWLRQDQG7HPSRDVWKH\ZHUHSDUWRIWKHVDPHIDPLO\(DFKRIWKHWZRQRWHVWKDWPDGHXSWKHJHDUFKDQJH
HDUFRQVSOD\HGIRUPVDQGIHDWXUHGDVKRUWGHOD\RIPVXQWLOWKHVRXQGVWRSSHG%HWZHHQHDFKQRWHZDV
D SDXVH RI PV &iH WRWDO OHQJWK RI WLPH HDFK HDUFRQ ODVWHG ZDV KDOI D VHFRQG &iH 7HPSR RI HDFK JHDU
FKDQJHHDUFRQZDVFRQVWDQWDWDSSUR[LPDWHO\ESP&iHLQGLFDWRUHDUFRQZDVDVLQJXODUQRWHSOD\HGRQ&
ZLWK QR FKDQJH LQ 5K\WKP DQG UHSHDWHG DW D 7HPSR RI ESP &iLV 7HPSR ZDV VHOHFWHG DV LW ZDV WKH
DSSUR[LPDWH7HPSRRIWKHLQGLFDWRUVRXQGXVHG LQWKH([LVWLQJ9HKLFOH6RXQGVJURXS&iHVRXQGSOD\HGRQFH
WKH LQGLFDWRU ZDV DFWLYDWHG RQ WKH /RJLWHFK VWHHULQJ ZKHHO FRQWUROV VHH 6HFWLRQ  WKHQ HQGHG RQFH WKH
LQGLFDWRU IXQFWLRQ ZDV FDQFHOOHG E\ WKH SDUWLFLSDQW &iH LJQLWLRQ VRXQG SOD\HG DW D 7HPSR RI ESP ,WV
5K\WKPZDVFRQVWDQWZLWKWKHVDPHOHQJWKRIVLOHQFHEHWZHHQHDFKQRWHSOD\HG&iHOHQJWKRIWLPHEHWZHHQ
HDFKSOD\HGQRWHZDVPVZLWKWKHOHQJWKRIQRWHEHLQJDSSUR[LPDWHO\PVZLWKDVKRUWGHOD\WKDWODVWHG
PV 
,QWHQVLW\ &iH ,QWHQVLW\ RI HDFK HDUFRQ GLG QRW FKDQJH $OO VRXQGV ZHUH QRUPDOLVHG WR -G% DQG
SDUWLFLSDQWVZHUHZHOFRPHWRDGMXVWWKHRYHUDOOYROXPHRIWKHDXGLRSOD\HGEDFNGXULQJHDFKGULYLQJVFHQDULR
WRDFRPIRUWDEOHOHYHO 
 6SDWLDOLVDWLRQ  6RXQG VSDWLDOLVDWLRQ KDV EHHQ H[SORUHG IRU XVH DFURVV QXPHURXV WHFKQRORJLFDO
GRPDLQV DV WKH VSDWLDO ORFDWLRQ RI LQGLYLGXDO VRXQG VRXUFHV SURYLGHV DQ DGGLWLRQDO LQIRUPDWLRQ FXH DQG
HQKDQFHV FRKHUHQFH EHWZHHQ FRQFXUUHQW DXGLR VRXUFH SOD\EDFN >@ ,Q WKH FRQWH[W RI YHKLFOHV
VSDWLDOLVDWLRQ KDV EHHQ LQYHVWLJDWHG WR HQKDQFH VLWXDWLRQDO DZDUHQHVV GXULQJ PDQXDO GULYLQJ EXW LWV
XVHIXOQHVVKDV\HW WREH LQYHVWLJDWHG IRU DXWRPDWHGYHKLFOHV >@&iHUHIRUH VRXQGVZHUH VSDWLDOLVHGDV LW
ZDV H[SHFWHG WKDW LW ZRXOG R'IHU DQ DGGLWLRQDO GLPHQVLRQ IURP ZKLFK WR FRQYH\ DXGLWRU\ LQIRUPDWLRQ
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)XUWKHUPRUH LWV LQFOXVLRQ KHOSHG WR GHWHUPLQH ZKHWKHU LW ZDV XVHIXO IRU R'IHULQJ DQ LPSURYHG IHHOLQJ RI
FRQWUROLQDQDXWRPDWHGYHKLFOH 
$FFHOHUDWLRQGHFHOHUDWLRQHDUFRQVZHUHVSDWLDOLVHGWREHKHDUGDWHTXDOORXGQHVVIURPDOOVSHDNHUVSODFLQJ
WKH OLVWHQHU DW WKH FHQWUH RI WKH VRXQG VRXUFH VR WKDW LW ZDV HDVLO\ DXGLEOH IURP R DURXQG WKHP
6SDWLDOLVDWLRQRIWKHLQGLFDWRUVRXQGIROORZHGWKHPHWKRGXVHGE\%HD&?LHHWDO>@ZKHUHLWZDVSDQQHGIXOO\
OH&YRUULJKWGHSHQGLQJRQWKHVHOHFWHGGLUHFWLRQ*HDUFKDQJLQJVRXQGVZHUHVSDWLDOLVHGDWWKHORFDWLRQRIWKH
JHDUER[JHDUVKL&YHULQDW\SLFDOPDQXDOYHKLFOH)LJGLVSOD\VWKHORFDWLRQVRIHDFKHDUFRQZLWKLQWKHFDELQ
RIWKHYHKLFOH 
 
)LJ$XGLWRU\GLVSOD\VRXQGORFDWLRQVDQGVSHDNHUSODFHPHQW 
6WXG\/RFDWLRQ 
&iH GULYLQJ VLPXODWRU HYDOXDWLRQ ZDV FRQGXFWHG LQ WKH FDELQ RI D UHDO YHKLFOH LQ DQ RXWGRRU FDU SDUN
ORFDWLRQZLWKWKHFDUIDFLQJWKHEDFNHQWUDQFHWRDEXLOGLQJ&iLVLVLQFRQWUDVWWRPRVWRWKHUGULYLQJVLPXODWRU
VWXGLHV WKDW PDNH XVH RI LQGRRU VLPXODWRUV >@ &iLV ZDV GRQH IRU WKUHH UHDVRQV )LUVWO\ ZH FRXOG
GHWHUPLQH WKH YDOLGLW\ RI XVLQJ 6SDWLDO(DUFRQV LQ PDQXDO DQG DXWRPDWHG GULYLQJ VFHQDULRV ZLWKLQ D PRUH
UHDOLVWLFGULYLQJHQYLURQPHQWWKDQRWKHUVSDWLDOLVHGDXGLWRU\IHHGEDFNUHVHDUFK >@6HFRQGO\DQ\HWKLFDO
DQG OHJDO FRQFHUQV ZHUH PLQLPLVHG WKDW PD\ KDYH EHHQ HQFRXQWHUHG ZLWK UHDO GULYLQJ EXW HQVXUHG RXU
SDUWLFLSDQWV UHWDLQHG IXOO FRQWURO RI WKH YHKLFOH >@ &iLUGO\ DQ RXWGRRU ORFDWLRQ DOORZHG XV WR GHWHUPLQH
ZKHWKHUUHDO-OLIHHQYLURQPHQWDOIDFWRUVKDGDQ\LPSDFWRQZKHQHYDOXDWLQJERWKDXGLWRU\GLVSOD\W\SHV&iH
FDUSDUNLQJVSDFHZDV ORFDWHGDSSUR[LPDWHO\ WZHQW\PHWUHV IURPDEXV\PDLQURDGDQG 'J&Y\PHWUHV IURPD
PRWRUZD\,QIURQWRIWKHVSDFHZDVDSDYHPHQWOHDGLQJWRDODUJHEXLOGLQJ&iHVLGHVDQGUHDURIWKHSDUNLQJ
VSDFHZHUHXQREVWUXFWHG$VWKHFDUSDUNZDV LQFORVHSUR[LPLW\WR WZREXV\URDGVDYDULHW\RIUHDO-ZRUOG
GULYLQJ VRXQGVZHUHKHDUG FRQVLVWHQWO\ WKURXJKRXW WKH VWXG\'XH WR WKHVH VRXQGV WKH FDU SDUN#?V ORFDWLRQ
SURYLGHGDOHYHORILPPHUVLRQWKDWPRYHGWRZDUGVWKDWRIDUHDO-ZRUOGGULYLQJVLWXDWLRQEXWFULWLFDOO\HQVXUHG
D OHYHO RI VDIHW\ ZDVPDLQWDLQHG GXULQJ WKH VWXG\ 6RXQG SUHVVXUH OHYHOV G% 63/ DQG DPELHQW OLJKW /X[
PHDVXUHPHQWV ZHUH WDNHQ DW WKH FDU SDUN ORFDWLRQ DW UHJXODU LQWHUYDOV GXULQJ WKH HYDOXDWLRQ DV VKRZQ LQ
7DEOH  &iHVH PHDVXUHPHQWV KHOSHG WR XQGHUVWDQG WKH UROH VRXQG DQG OLJKW SOD\HG DW LQ'KXHQFLQJ WKH
LPPHUVLRQRIRXUVLPXODWHGGULYLQJVFHQDULRV$PELHQWOLJKWOHYHOVIRUWKHFDUSDUNVHWXSZHUHW\SLFDOWRWKRVH
H[SHULHQFHGRQDFORXG\GD\>@6RXQGSUHVVXUHOHYHOVZHUHVLPLODUWREHLQJDWWKHNHUEVLGHRIDEXV\URDG
>@ 
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7DEOH Max, min, mean ( DQGVWDQGDUGGHYLDWLRQ kIRUDPELHQWOLJKW	VRXQGSUHVVXUHOHYHOV63/LQERWKVWXG\
locations. 
 ,QWHULRU63/G%$ ([WHULRU63/G%$ $PELHQW/LJKWOX[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6LPXODWRU(TXLSPHQW 
3DUWLFLSDQWVZHUH VHDWHGZLWKLQ WKH IURQW OH&YSDVVHQJHU VHDWRI D9RONVZDJHQ3ROR 1FDUZKLFKZDV D
VPDOOWKUHH-GRRUKDWFKEDFN$/RJLWHFK'ULYLQJ-)RUFH*7JDPLQJVWHHULQJZKHHODQGSHGDOVZHUHIDVWHQHGWR
WKHGDVKERDUGLQIURQWRIWKHSDVVHQJHUVHDWDQGRSHUDWHGE\HDFKVWXG\SDUWLFLSDQW6WHHULQJZKHHOEX&?RQV
ZHUHPDSSHGWRWKHLQGLFDWRUJHDUXSJHDUGRZQDQGLJQLWLRQRQR'IIXQFWLRQV&iLVZDVGRQHDVWKH/RJLWHFK
'ULYLQJ-)RUFH *7 VWHHULQJ ZKHHO GLG QRW IHDWXUH DQ DGGLWLRQDO FRQWURO VWDON DV FRPPRQO\ XVHG LQ PRVW
YHKLFOHV$SURMHFWRUZDVSODFHGRQWKHYHKLFOH#?VURIDQGSURMHFWHGRQWRDODUJHVFUHHQLQIURQWRIWKHYHKLFOH
WRGLVSOD\2SHQ'6YLDDODSWRSFRPSXWHU6RXQGZDVGHOLYHUHGXVLQJ/RJLWHFK=6XUURXQG6RXQGVSHDNHUV
6SHDNHUVZHUHSRVLWLRQHGZLWKLQWKHFDELQRI WKHYHKLFOHXVLQJWKH'ROE\VSHDNHUSRVLWLRQLQJIRUPDWDV
VKRZQ LQ )LJ  /H&Y DQG ULJKW IURQW VSHDNHUV ZHUH SODFHG RIURP WKH FHQWUH VSHDNHU 5HDU OH&Y DQG ULJKW
VSHDNHUVZHUHSODFHGR IURPWKHFHQWUH VSHDNHU&iH VXEZRRIHUZDV ORFDWHG LQ WKH UHDU IRRWZHOORI WKH
YHKLFOH&iLVVSHDNHUSODFHPHQWHQVXUHGDQRSWLPLVHGOLVWHQLQJSRVLWLRQDQGDVVXUHGWKHVXUURXQGH'IHFWZDV
DGPLQLVWHUHGDSSURSULDWHO\ 
6WXG\3URFHGXUH 
3DUWLFLSDQWV ZHUH 'JUVW JLYHQ DQ LQWURGXFWLRQ WR WKH VWXG\ WKHQ ZHUH DVNHG LI WKH\ ZLVKHG WR FRQWLQXH
EHIRUH FRPSOHWLQJ D VKRUW SUH-HYDOXDWLRQ TXHVWLRQQDLUH 3DUWLFLSDQWV ZHUH WKHQ SUHVHQWHG ZLWK WKH GULYLQJ
VLPXODWRU VR&YZDUH VHWXS ZLWKLQ WKH YHKLFOH#?V FDELQ DQGZHUH EULHIHG RQ WKH FRQWUROV &iH\ ZHUH JLYHQ WHQ
PLQXWHV WR EHFRPH DFFXVWRPHG WR GULYLQJ ZLWKLQ WKH VLPXODWRU EHIRUH WKH PDLQ SKDVH RI WKH VWXG\
FRPPHQFHG 'ULYLQJ FRQGLWLRQV DQG DXGLWRU\ GLVSOD\ W\SH ZHUH FRXQWHUEDODQFHG WR PLQLPLVH DQ\ SRVVLEOH
RUGHU H'IHFWV (DFK SDUWLFLSDQW XQGHUWRRN IRXU VFHQDULRV LQ WRWDO ODVWLQJ 'JYH PLQXWHV HDFK 'XULQJ WKH
VFHQDULRVSDUWLFLSDQWVZHUHWROGWRSD\VSHFL'JFD&?HQWLRQWRWKHVRXQGVZLWKLQHDFKVFHQDULR7RHQVXUHWKLV
ZDV XSKHOG GLUHFW REVHUYDWLRQV ZHUH WDNHQ E\ WKH OHDG UHVHDUFKHU GXULQJ HDFK VFHQDULR %HWZHHQ HDFK
VFHQDULR SDUWLFLSDQWV ZHUH JLYHQ DSSUR[LPDWHO\ 'JYH PLQXWHV WR FRPSOHWH HDFK RI WKH VXEMHFWLYH
TXHVWLRQQDLUHVDVGHVFULEHGLQWKH'DWD*DWKHULQJ0HWKRGVVHFWLRQVHH6HFWLRQ8SRQFRPSOHWLRQRIWKH
VFHQDULRVSDUWLFLSDQWVZHUHWKHQSURYLGHGZLWKDVKRUWSRVW-HYDOXDWLRQTXHVWLRQQDLUH&iHWRWDOOHQJWKRIHDFK
VHVVLRQZDVDSSUR[LPDWHO\RQHKRXU 
3DUWLFLSDQWV 
6L[WHHQ SDUWLFLSDQWV  PDOH  IHPDOH DJHG  WR  PHDQ  ZKR KDG QRW SDUWLFLSDWHG LQ WKH
SUHOLPLQDU\ 'JHOG VWXG\ WRRNSDUW LQRXU VLPXODWRU VWXG\0HDQGULYLQJ OLFHQVH OHQJWKZDV 'JYH WR WHQ\HDUV
DQGPHDQGULYLQJGXUDWLRQZDVRQHWRWKUHHKRXUVSHUZHHN&iHPRVWFRPPRQMRXUQH\ZDVFRPPXWLQJWR
DQG IURP ZRUN 7ZHOYH RZQHG RU KDG UHJXODU DFFHVV WR D YHKLFOH )L&YHHQ UHSRUWHG DV KDYLQJ H[SHULHQFH
GULYLQJDPDQXDOWUDQVPLVVLRQ1LQHSDUWLFLSDQWVUHSRUWHGDVKDYLQJHLWKHUOLPLWHGRUQRSUHYLRXVH[SHULHQFH
RIGULYLQJVLPXODWRUV&iHUHPDLQLQJVHYHQSDUWLFLSDQWV VWDWHGWKH\KDGFRQVLGHUDEOHH[SHULHQFHZLWKGULYLQJ
VLPXODWRUV 
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'DWD*DWKHULQJ0HWKRGV 
&iUHHGDWDJDWKHULQJPHWKRGVZHUHFRPSOHWHGD&YHUHDFKRIWKHIRXUVFHQDULRV'ULYHUZRUNORDGZDV 'JUVW
DVVHVVHG XVLQJ WKH 'ULYHU $FWLYLW\ /RDG ,QGH[ '$/, TXHVWLRQQDLUH >@ 1H[W XVDELOLW\ RI WKH DXGLWRU\
GLVSOD\V ZDV PHDVXUHG XVLQJ D 6\VWHP 8VDELOLW\ 6FDOH 686 >@ /LNHUW VFDOH-UDWHG TXHVWLRQV ZHUH DOVR
GLVWULEXWHGWRREWDLQQXPHULFDOTXDOLWDWLYHGDWDUHODWHGWRWKHUHVHDUFKTXHVWLRQVRIWKLVSDSHU$&YHUWKH'JQDO
VFHQDULRZDVFRPSOHWHGDQDGGLWLRQDOSRVW-HYDOXDWLRQTXHVWLRQQDLUHZDVSUHVHQWHGWKDWIHDWXUHGDVHWRIRSHQ
HQGHG TXHVWLRQV &iHVH TXHVWLRQV ZHUH XVHG WR DVFHUWDLQ LQGLYLGXDO VXEMHFWLYH SHUVSHFWLYHV WKDW WKH
SDUWLFLSDQWV PD\ KDYH KDG D&YHU XQGHUWDNLQJ WKH VWXG\&iH IROORZLQJ VHFWLRQV GLVFXVV HDFK RI WKH GDWD
JDWKHULQJPHWKRGVLQPRUHGHWDLO 
 'ULYHU $FWLYLW\ /RDG ,QGH[ '$/, &iH 'ULYHU $FWLYLW\ :RUNORDG ,QGH[ '$/, >@ KDV EHHQ
GHYHORSHG DQG XVHG WR HYDOXDWH ZRUNORDG VSHFL'JFDOO\ ZLWKLQ WKH FRQWH[W RI GULYLQJ ZLWK RU ZLWKRXW WKH
VXSSRUWRI LQ-YHKLFOHV\VWHPV>@&iH'$/, LVKHDYLO\EDVHGRQWKH1$6$-7/;>@EXW LV OHVVIUHTXHQWO\
XVHG ,W IHDWXUHV VL[ IDFWRUV JOREDO D&?HQWLRQ GHPDQG YLVXDO GHPDQG DXGLWRU\ GHPDQG VLWXDWLRQDO VWUHVV
WHPSRUDOGHPDQGDQG LQWHUIHUHQFHVFRUHGIURP]HURWR 'JYH ORZWRKLJK'XHWR WKHVHDOWHUHGIDFWRUV WKH
'$/, LV DQ H'IHFWLYH WRRO WR DVVHVVZRUNORDG UHODWHG WR LQ-YHKLFOH LQIRUPDWLRQ V\VWHPV ,9,6 >@ ,WKDV
EHHQLPSOHPHQWHGWRDVVHVVZRUNORDGIRUVSHHFK-EDVHGZDUQLQJVGXULQJPDQXDOGULYLQJ>@ 
6\VWHP8VDELOLW\6FDOH686 &iH 6\VWHP8VDELOLW\ 6FDOH 686 GHYHORSHGE\%URRNH LVDFRPPRQO\
XVHG WRRO IRU PHDVXULQJ WKH XVDELOLW\ RI D ZLGH YDULHW\ RI SURGXFWV DQG VHUYLFHV >@ &iH 686 ZDV
DGPLQLVWHUHGWRSDUWLFLSDQWVGXULQJWKHVWXG\VRWKDWWKHXVDELOLW\RIWKHGL'IHUHQWDXGLWRU\GLVSOD\VFRXOGEH
PHDVXUHGDVRSSRVHGWRWKHGULYLQJVLPXODWRULWVHOI>@)RUWKLVZRUNWKHRULJLQDO686ZDVVOLJKWO\PRGL'JHG
E\FKDQJLQJDOO LQVWDQFHVRIWKHZRUG#?V\VWHP#픀 WR#?DXGLWRU\GLVSOD\#픀.$FFRUGLQJWR2#?%ULHQDQG0F&D\-3HHW
>@ TXHVWLRQQDLUHV FDQ EH DGDSWHG VR ORQJ DV WKH FKDQJHV PDGH DUH PLQRU SURYLGHG WKH ZRUGLQJ RI WKH
FKDQJH GRHV QRW DOWHU WKH QDWXUH RI ZKDW LV EHLQJ PHDVXUHG &iH\ SRLQW RXW WKDW D W\SLFDO H[DPSOH LV WKH
PRGL'JFDWLRQRI WKHQDPHRI WKH V\VWHPXVHGZKHQHYDOXDWLQJXVDELOLW\YLD WKH686)RUH[DPSOHD VLPLODU
PRGL'JFDWLRQWRWKH686TXHVWLRQQDLUHZDVXVHGE\0LFDOOHIHWDO >@IRUWKHDVVHVVPHQWRIPRELOHVHFXULW\
XVDELOLW\ZKHUH#?V\VWHP#픀 ZDVUHSODFHGZLWK#?SKRQHSURWHFWLRQPHFKDQLVP#픀. 
/LNHUW6FDOH-5DWHG࢛HVWLRQV 6L['JYH-SRLQW/LNHUWVFDOHTXHVWLRQVZHUHDOVRJLYHQWRREWDLQQXPHULFDO
TXDOLWDWLYHGDWDUHODWHGWR WKLVSDSHU#?VUHVHDUFKTXHVWLRQVDVVWDWHGLQWKH,QWURGXFWLRQ)RU/LNHUWTXHVWLRQV
RQHWRIRXUDQGTXHVWLRQVL[KLJKHUVFRUHVZHUHEH&?HUZKHUHDVIRUTXHVWLRQ'JYHDORZHUVFRUHZDVEH&?HU&iH
TXHVWLRQVZHUHDVIROORZV 
 'LGWKHDXGLWRU\GLVSOD\LQWKLVVFHQDULRHQKDQFH\RXUDZDUHQHVVRIWKHYHKLFOH#?VDFWLRQV" 
 'LGWKHDXGLWRU\GLVSOD\SUHVHQWHGLQWKLVVFHQDULRHQKDQFH\RXUDZDUHQHVVRI\RXURZQDFWLRQV" 
 'LG\RXIHHOLQWRWDOFRQWURORIWKHYHKLFOHWKURXJKRXWWKLVVFHQDULR" 
 'R\RXIHHOWKDWWKHVRXQGVLQWKLVVFHQDULRZRXOGPDNH\RXDZDUHRIWKHLQWHQGHGDFWLRQVRIDQ
DXWRPDWHGYHKLFOH" 
 'R\RXWKLQNWKHDXGLWRU\GLVSOD\LQWKLVVFHQDULRZRXOGEHDGLVWUDFWLRQWRWKHSULPDU\GULYLQJ
WDVN" 
 +RZVDWLV'JHGDUH\RXZLWKWKHVRXQGVRIWKHYHKLFOHLQWKLVVFHQDULR" 
3RVW(YDOXDWLRQ࢛HVWLRQV $&YHU FRPSOHWLQJDOO RI WKH VFHQDULRV D VHULHV RI RSHQ-HQGHG TXHVWLRQV
ZHUH DGPLQLVWHUHG WR JDWKHU SDUWLFLSDQW RSLQLRQV RQ WKH GL'IHUHQW DXGLWRU\ GLVSOD\V WKH\ XVHG GXULQJ WKH
VWXG\&iHTXHVWLRQVZHUHDVIROORZV  
 3OHDVHVWDWHZKLFKZDV\RXUSUHIHUUHGVRXQGFXHW\SH" 
 3OHDVHVWDWHDQ\VRXQGV\RXH[SHFWHGWRKHDUGXULQJWKHVWXG\EXWZHUHDEVHQW" 
 :KDWH[WUDDXGLWRU\LQIRUPDWLRQZRXOG\RXOLNHWRKDYHEHHQSURYLGHGZLWKZKLOVWGULYLQJ" 
 'LGWKHGULYLQJVLPXODWRUVHWXSSURYLGHDUHDOLVWLFGULYLQJH[SHULHQFH" 
$GGLWLRQDOVSDFHZDVSURYLGHGVRWKDWSDUWLFLSDQWVFRXOGDOVROHDYHFRPPHQWVWKDWWKH\ZLVKHGWRLQFOXGHEXW
ZHUHQRWFRYHUHGE\WKHTXHVWLRQVSUHVHQWHGD&YHUWKHVWXG\ 
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5(68/76 
'$/, DQG 686 UHVXOWV ZHUH DQDO\VHG XVLQJ D WZR-ZD\ ZLWKLQ-VXEMHFW UHSHDWHG PHDVXUHV $129$ ZLWK
GULYLQJ FRQGLWLRQ  OHYHOV DV WKH LQGHSHQGHQW YDULDEOH DQG DXGLWRU\ GLVSOD\  OHYHOV DV WKH GHSHQGHQW
YDULDEOH /LNHUW VFDOH-UDWHG TXHVWLRQV ZHUH DQDO\VHG XVLQJ :LOFR[RQ VLJQHG-UDQN WHVWV 0HDQ DQG VWDQGDUG
GHYLDWLRQV DUH UHSRUWHG IRU '$/, DQG 686 UHVXOWV 0HGLDQ YDOXHV DQG LQWHUTXDUWLOH UDQJHV DUH UHSRUWHG IRU
/LNHUWTXHVWLRQV&iH DFURQ\PV (96DQG6( DUHXVHG WR UHSUHVHQW ([LVWLQJ9HKLFOH6RXQGVDQG6SDWLDO(DUFRQV
ZLWKLQ)LJDQG)LJ 
'$/,:RUNORDG$QDO\VLV 
$ UHSHDWHG-PHDVXUHV $129$ VKRZHG WKDW WKHUH ZDV QR VWDWLVWLFDOO\ VLJQL'JFDQW LQWHUDFWLRQ EHWZHHQ
GULYLQJ FRQGLWLRQ DQG DXGLWRU\ GLVSOD\ W\SH IRU '$/, ZRUNORDG )    S  :RUNORDG ZDV QRW
VLJQL'JFDQWO\ GL'IHUHQWEHWZHHQDXGLWRU\GLVSOD\ W\SHV  )  S  RUGULYLQJ FRQGLWLRQV ) 
S )LJGLVSOD\VWKHPHDQWRWDO'$/,ZRUNORDGVFRUHVIRUHDFKDXGLWRU\IHHGEDFNPHWKRGGXULQJ
GULYLQJ FRQGLWLRQV 0HDQ ZRUNORDG VFRUH IRU ([LVWLQJ9HKLFOH6RXQGV  s  ZDV KLJKHU WKDQ 6SDWLDO
(DUFRQV  s  D PHDQ GL'IHUHQFH RI   &,  WR  EXW ZRUNORDG ZDV QRW VLJQL'JFDQWO\
KLJKHU WKDQ 6SDWLDO(DUFRQV S  0DQXDO GULYLQJ  s  SURGXFHG KLJKHU PHDQ ZRUNORDGV WKDQ
DXWRPDWHG GULYLQJ  s  D PHDQ GL'IHUHQFH RI   &,  WR  EXW ZRUNORDG ZDV QRW
VLJQL'JFDQWO\ KLJKHU GXULQJ PDQXDO GULYLQJ FRQGLWLRQV S    +RZHYHU ZRUNORDG ZDV H[SHFWHG WR EH
KLJKHU GXULQJ PDQXDO GULYLQJ DV SDUWLFLSDQWV ZHUH UHTXLUHG WR SK\VLFDOO\ RSHUDWH WKH YHKLFOH LQ RUGHU WR
FRPSOHWHWKHGULYLQJWDVNGXULQJWKHHYDOXDWLRQ 
 
)LJ Mean workload scores for auditory display during driving conditions. Error bars represent St. Error. (Max score = 
30, lower = better). EVS acronym represents Existing Vehicle Sounds, SE represents Spatial Earcons. 
8VDELOLW\6865HVXOWV 
$ UHSHDWHG-PHDVXUHV $129$ VKRZHG WKDW WKHUH ZDV QR VWDWLVWLFDOO\ VLJQL'JFDQW LQWHUDFWLRQ EHWZHHQ
GULYLQJFRQGLWLRQDQGDXGLWRU\GLVSOD\W\SHRQXVDELOLW\) S 8VDELOLW\ZDVQRWVLJQL'JFDQWO\
GL'IHUHQWEHWZHHQDXGLWRU\GLVSOD\W\SHV) S RUGULYLQJFRQGLWLRQV) S 
)LJGLVSOD\VWKHPHDQXVDELOLW\VFRUHVIRUHDFKDXGLWRU\IHHGEDFNPHWKRGGXULQJGULYLQJFRQGLWLRQV0HDQ
XVDELOLW\ IRU ([LVWLQJ9HKLFOH6RXQGV  s  ZDV KLJKHU WKDQ 6SDWLDO(DUFRQV  s  D PHDQ
GL'IHUHQFH RI   &,  WR  EXW XVDELOLW\ ZDV QRW VLJQL'JFDQWO\ KLJKHU WKDQ 6SDWLDO(DUFRQV
S &iLV 'JQGLQJVKRZVWKDWERWK 6SDWLDO(DUFRQVDQG([LVWLQJ9HKLFOH6RXQGVSURGXFHGVLPLODUOHYHOVRI
XVDELOLW\GXULQJPDQXDODQGDXWRPDWHGGULYLQJFRQGLWLRQV0HDQXVDELOLW\ IRUPDQXDOGULYLQJs
ZDV KLJKHU WKDQ DXWRPDWHG GULYLQJ  s  D PHDQ GL'IHUHQFH RI   &,  WR  EXW
XVDELOLW\ZDVQRWVLJQL'JFDQWO\KLJKHUGXULQJPDQXDOGULYLQJFRQGLWLRQVS 
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)LJ Mean SUS scores for auditory display during driving conditions. Error bars represent St. Error. (Max score = 100, 
higher = better). EVS acronym represents Existing Vehicle Sounds, SE represents Spatial Earcons. 
/LNHUW6FDOH$QDO\VLV 
4(QKDQFLQJ$ZDUHQHVVRI9HKLFOH٧V$FWLRQV 1HLWKHU DXGLWRU\ GLVSOD\ W\SH ZDV VWDWLVWLFDOO\ VLJQL'JFDQWO\
EH&?HUDWHQKDQFLQJGULYHUDZDUHQHVVWRWKHDFWLRQVRIWKHYHKLFOHZKHQFRPSDUHG] -S &iLV
'JQGLQJ VKRZV WKDW ERWK 6SDWLDO(DUFRQV DQG ([LVWLQJ9HKLFOH6RXQGV ZHUH VLPLODU LQ WHUPV RI H'IHFWLYHQHVV
ZKHQ XVHG WR HQKDQFH GULYHU DZDUHQHVV WR WKH YHKLFOH#?VDFWLRQV GXULQJ PDQXDO DQG DXWRPDWHG GULYLQJ
FRQGLWLRQV 'ULYLQJ FRQGLWLRQV ZHUH DOVR IRXQG WR EH VWDWLVWLFDOO\ VLJQL'JFDQWO\ VLPLODU DW HQKDQFLQJ GULYHU
DZDUHQHVV WR WKH DFWLRQV RI WKH YHKLFOH ZKHQ PDQXDO DQG DXWRPDWHG GULYLQJ ZHUH FRPSDUHG ] -
S  
4(QKDQFLQJ$ZDUHQHVVRI2ZQ$FWLRQV  ([LVWLQJ9HKLFOH6RXQGV 0HGLDQ    ,45    -  HQKDQFHG
GULYHUDZDUHQHVVRIWKHLURZQDFWLRQVVLJQL'JFDQWO\PRUHWKDQ6SDWLDO(DUFRQV0HGLDQ ,45 -] -
 S  &iLV UHVXOW PD\ KDYH EHHQ GXH WR WKH IDPLOLDULW\ RI ([LVWLQJ9HKLFOH6RXQGV LQ FRQWUDVW WR
6SDWLDO(DUFRQV3DUWLFLSDQWVPD\KDYHEHHQDEOHWRXVHWKHVHVRXQGVPRUHH'IHFWLYHO\WREHDZDUHRIWKHLURZQ
DFWLRQV 3DUWLFLSDQW DZDUHQHVV RI WKHLU RZQ DFWLRQV ZDV VLJQL'JFDQWO\ HQKDQFHG GXULQJ PDQXDO GULYLQJ LQ
FRPSDULVRQWRDXWRPDWHGGULYLQJ] -S &iLV'JQGLQJZDVH[SHFWHGDVSDUWLFLSDQWVZHUH DFWLYHO\
LQYROYHGGXULQJPDQXDOGULYLQJFRQGLWLRQV7DEOHKLJKOLJKWVFRPSDULVRQVDQGVLJQL'JFDQWYDOXHVIRUTXHVWLRQ
WZR 
4)HHOLQJRI&RQWURO 1HLWKHU DXGLWRU\ GLVSOD\ W\SH SURYLGHG D VLJQL'JFDQWO\ JUHDWHU IHHOLQJ RI FRQWURO
ZKHQ FRPSDUHG ] - S  0DQXDO GULYLQJ ZDV VLJQL'JFDQWO\ EH&?HU WKDQ DXWRPDWHG GULYLQJ IRU
SURYLGLQJ D IHHOLQJ RI FRQWURO ] -S  &iLV ZDV H[SHFWHG DV SDUWLFLSDQWV ZHUH LQ FRQWURO GXULQJ
PDQXDOVFHQDULRV 
4 ,QWHQGHG$FWLRQVRI9HKLFOH  $XGLWRU\ GLVSOD\ W\SHV ZHUH QRW VWDWLVWLFDOO\ VLJQL'JFDQWO\ GL'IHUHQW DW
SURYLGLQJGULYHUDZDUHQHVVWRWKHLQWHQGHGDFWLRQVRIWKHDXWRPDWHGYHKLFOH] -S 0DQXDODQG
DXWRPDWHGGULYLQJFRQGLWLRQVDOVRSURYLGHGVLPLODUOHYHOVRIDZDUHQHVVWRWKHLQWHQGHGDFWLRQVRIWKHYHKLFOH
] -S  
4 'LVWUDFWLRQ IURP 3ULPDU\ 'ULYLQJ 7DVN  1HLWKHU 6SDWLDO (DUFRQV QRU ([LVWLQJ 9HKLFOH 6RXQGV ZHUH
VLJQL'JFDQWO\GLVWUDFWLQJGXULQJPDQXDODQGDXWRPDWHGGULYLQJ] -S $XWRPDWHGGULYLQJ0HGLDQ
 ,45 -ZDVPRUHGLVWUDFWLQJWKDQPDQXDOGULYLQJ0HGLDQ ,45 -] -S 7DEOH
KLJKOLJKWVFRPSDULVRQVDQGVLJQL'JFDQWYDOXHVIRUTXHVWLRQWZR 
4 $XGLWRU\ 'LVSOD\ 6DWLVIDFWLRQ  1HLWKHU DXGLWRU\ GLVSOD\ W\SH ZDV IRXQG WR EH VLJQL'JFDQWO\ PRUH
VDWLVI\LQJ WR XVH GXULQJ PDQXDO DQG DXWRPDWHG GULYLQJ ] - S  0DQXDO DQG DXWRPDWHG GULYLQJ
ZHUHDOVRVLPLODUO\VDWLVI\LQJ] -S  
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7DEOH Wilcoxon values for comparisons between auditory feedback type (Existing Vehicle Sounds & Spatial Earcons) 
and driving condition (Manual & Automated) for the six Likert scale-rated questions. Significant values are highlighted in 
green. 
/LNHUWࢋHVWLRQ $XGLWRU\'LVSOD\7\SH 'ULYLQJ&RQGLWLRQ 
 ] S ] S 
4-(QKDQFLQJ$ZDUHQHVVRI9HKLFOH#?V
$FWLRQV 
-  -  
4-(QKDQFLQJ$ZDUHQHVVRI2ZQ$FWLRQV -  -  
4-)HHOLQJRI&RQWURO -  -  
4-,QWHQGHG$FWLRQVRI9HKLFOH -    
4-'LVWUDFWLRQIURP3ULPDU\'ULYLQJ7DVN -  -  
4-$XGLWRU\'LVSOD\6DWLVIDFWLRQ -  -  
3RVW-(YDOXDWLRQࣟHVWLRQV 
3DUWLFLSDQWV ZHUH 'JUVW DVNHG ZKDW WKHLU SUHIHUUHG DXGLWRU\ GLVSOD\ ZDV GXULQJ WKH VWXG\ 7ZHOYH
SDUWLFLSDQWV UHSRUWHG WKDW WKH\ SUHIHUUHG XVLQJ WKH 6SDWLDO(DUFRQV DQG IRXU SUHIHUUHG WR XVH WKH ([LVWLQJ
9HKLFOH 6RXQGV:KHQ DVNHG DERXW ZKLFK VRXQGV WKH\ H[SHFWHG WR KHDU GXULQJ WKH VWXG\ VRPH RI WKH
SDUWLFLSDQWV KLJKOLJKWHG WKDW WKH\ H[SHFWHG WR KHDU PRUH VRXQGV IURP $, YHKLFOHV WKDW QDYLJDWHG WKH
HQYLURQPHQW2QHSDUWLFLSDQWDOVRSRLQWHGRXWWKDWWKH\ZRXOGKDYHH[SHFWHGWRKHDUVRPHZLQGQRLVHDVWKH
YHKLFOHPRYHGDWVSHHGDVZHOODVVWUHVVHVRQWKHYHKLFOHZKHQFRUQHULQJ&iLUWHHQRIWKHSDUWLFLSDQWVGLGQRW
IHHO WKDW DQ\ H[WUD DXGLWRU\ LQIRUPDWLRQ ZDV UHTXLUHG GXULQJ WKH VWXG\ +RZHYHU WKUHH SDUWLFLSDQWV
PHQWLRQHG WKDW LWZRXOG KDYHEHHQXVHIXO WR DGGDGGLWLRQDO LQIRUPDWLRQ VXFKDVZDUQLQJ VRXQGV IRURYHU-
UHYYLQJ SDUNLQJ VRXQGV DQG JHDU VWLFN PRYHPHQWV 3DUWLFLSDQWV ZHUH DOVR DVNHG ZKHWKHU WKH GULYLQJ
VLPXODWRU SURYLGHG D UHDOLVWLF GULYLQJ H[SHULHQFH &iLV TXHVWLRQ ZDV GHOLYHUHG XVLQJ D /LNHUW VFDOH UDQJLQJ
IURP6WURQJO\'LVDJUHH WR6WURQJO\$JUHH #?3DUWLFLSDQWV6RPHZKDW$JUHHG0 6'  WKDW WKH
GULYLQJVLPXODWRUSURYLGHGDUHDOGULYLQJH[SHULHQFH 
)LQDOO\SDUWLFLSDQWVZHUHLQYLWHGWROHDYHFRPPHQWVUHJDUGLQJWKHLUH[SHULHQFHZLWKWKHGL'IHUHQWDXGLWRU\
IHHGEDFN VHWV WKH\ XVHG GXULQJ WKH VWXG\ 6RPH LQWHUHVWLQJ DQG PL[HG UHVSRQVHV ZHUH UHFHLYHG IURP WKH
SDUWLFLSDQWV6RPHUHSRUWHGWKHLUSUHIHUHQFHWRZDUGVWKH6SDWLDO(DUFRQVVXFKDV 
#?&iHUHDVRQ,SUHIHUUHGWKHVSDWLDOHDUFRQVLVWKDWWKHVRXQGEHLQJXQIDPLOLDUDQGGLJLWLVHGPDGHLWIHHO
PRUHHQJDJLQJ#? 
#?&iHVSDWLDOHDUFRQVZHUHZHOOUHSUHVHQWHGDQGWDQJLEOHWRPHFKDQLFDOVRXQGV-GULYHUVZRXOGXQGHUVWDQG#? 
#?8VHIXOLQGLFDWRUVRXQGV,WZDVXVHIXOKHDULQJWKHVRXQGFRPLQJIURPWKHGLUHFWLRQLQZKLFK\RXSUHVVHG
WKHLQGLFDWRURUZKHUHLWZDVLQWHQGLQJWRWUDYHO#? 
&iHVH VWDWHPHQWV VXSSRUW VRPH RI RXU TXDQWLWDWLYH UHVXOWV E\ VXJJHVWLQJ WKDW WKH VSDWLDO FRPSRQHQW RI
6SDWLDO(DUFRQVSURYLGHGXVHIXOGLUHFWLRQDO LQIRUPDWLRQXSGDWHVWRWKHGULYHUVZKHQXQGHUWDNLQJPDQXDODQG
DXWRPDWHG GULYLQJ VFHQDULRV &iLV DGGLWLRQDO LQIRUPDWLRQ ZDV QRW SUHVHQW ZKHQ KHDULQJ ([LVWLQJ9HKLFOH
6RXQGV DQG WKHUHIRUHPD\KDYHDLGHGZLWKHQKDQFLQJ WKHGULYHUV#?DZDUHQHVV WR WKH LQWHQGHGDFWLRQVRI WKH
YHKLFOH &iH IDFW WKDW VRPH SDUWLFLSDQWV IHOW WKH 6SDWLDO(DUFRQV ZHUH HQJDJLQJ DQG WDQJLEOH WR PHFKDQLFDO
VRXQGVPD\KDYHKHOSHGWRHQVXUHWKH\ZHUHHTXDOO\VDWLVI\LQJWR([LVWLQJ9HKLFOH6RXQGVDVZHOODVQRWEHLQJ
VLJQL'JFDQWO\PRUHGLVWUDFWLQJ+RZHYHUVRPHSDUWLFLSDQWVZHUHPRUHFRQ'JGHQWLQXVLQJWKH ([LVWLQJ9HKLFOH
6RXQGVDQGGLGQRWHQMR\WKHXVHRI6SDWLDO(DUFRQV 
#?)HHODELWPRUHFRPIRUWDEOHRUIDPLOLDUZLWKWKH
FODVVLF
FDUDXGLRPHFKDQLFDO#? 
#?)RXQGWKHV\QWKHVLVHGVRXQGVWREHLQWHUHVWLQJEXWZRXOGQ
WZDQWWKHPLQP\RZQFDU#? 
#?&iHSLWFKIURPV\QWKZDVDELWKLJK#? 
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5HVSRQVHV VXJJHVWHG WKDW SDUWLFLSDQWV PRVWO\ SUHIHUUHG WR XVH WKH 6SDWLDO(DUFRQVDQG IRXQG WKHP WR EH
HQJDJLQJ WR XVH EXW VRPH SDUWLFLSDQWV KDG UHVHUYDWLRQV DERXW XVLQJ WKHP LQ WKHLU RZQ YHKLFOH 6RPH
SDUWLFLSDQWV DOVR UHTXHVWHG DXGLWRU\ IHHGEDFN IRU DGGLWLRQDO LQIRUPDWLRQ WKDW ZDV QRW LQFOXGHG GXULQJ WKH
VWXG\&iHVHUHVSRQVHVZHUHXVHIXODVWKH\KLJKOLJKWHGRWKHUSRVVLEOHXVHVIRU6SDWLDO(DUFRQV 
',6&866,21 
&iH 'JUVW UHVHDUFK TXHVWLRQ WKLV SDSHU DLPHG WR DQVZHU ZDV ڨ+RZVKRXOGDXGLWRU\IHHGEDFNIRUSULPDU\
GULYLQJWDVNLQIRUPDWLRQEHSUHVHQWHGLQDXWRPDWHGYHKLFOHV"#픀 2XUSUHOLPLQDU\ 'JHOGVWXG\KLJKOLJKWHGWKDW 3LWFK
DQG 7LPEUH ZHUH NH\ VRQLF SDUDPHWHUV WKDW FDSWXUHG SDUWLFLSDQW D&?HQWLRQ ZKLOVW KHDULQJ SULPDU\ GULYLQJ
VRXQGV LQ PDQXDOO\ RSHUDWHG YHKLFOHV 5HVXOWV IURP WKH SUHOLPLQDU\ 'JHOG VWXG\ DOVR VXJJHVWHG WKDW
SDUWLFLSDQWVZHOFRPHG WKH UHORFDWLRQ RI ([LVWLQJ9HKLFOH6RXQGV DURXQG WKH FDELQRI WKHYHKLFOH )URPWKHVH
'JQGLQJVZHGHYHORSHGDVHWRI6SDWLDO(DUFRQVWKDWZHUHPRGXODWHGE\3LWFKDQG7LPEUHDQGZHUHVSDWLDOLVHG
DURXQG WKH GULYHU ZLWKLQ WKH YHKLFOH FDELQ 2XU GULYLQJ VLPXODWRU VWXG\ VKRZHG WKDW WKH 6SDWLDO(DUFRQV
SURGXFHG ORZHU RYHUDOO PHDQ GULYHU ZRUNORDGV WKDQ ([LVWLQJ 9HKLFOH 6RXQGV EXW ZRUNORDG ZDV QRW
VLJQL'JFDQWO\ ORZHU 6SDWLDO(DUFRQVDOVR SURGXFHG OHYHOV RI XVDELOLW\ WKDW ZHUH QRW VLJQL'JFDQWO\ ORZHU WKDQ
([LVWLQJ9HKLFOH6RXQGV)XUWKHUPRUHWKH\DFKLHYHGXVDELOLW\VFRUHVDERYHZKLFKLVFRQVLGHUHGDVD#?JRRG#?
OHYHORIXVDELOLW\DFFRUGLQJWR%DQJRUHWDO>@%RWK([LVWLQJ9HKLFOH6RXQGVDQG6SDWLDO(DUFRQVZHUHH'IHFWLYH
ZKHQXVHGWRHQKDQFHGULYHUDZDUHQHVVWRWKHLQWHQGHGDFWLRQVRIWKHDXWRPDWHGYHKLFOH)XUWKHUPRUH6SDWLDO
(DUFRQVZHUHQRWVLJQL'JFDQWO\PRUHGLVWUDFWLQJWKDQ([LVWLQJ9HKLFOH6RXQGVDQGZHUHIRXQGWREHDVVDWLVI\LQJ
DVWKHP &iHVH 'JQGLQJV KLJKOLJKW WKDW ([LVWLQJ9HKLFOH6RXQGVDUH QRW LQWHJUDO WR H'IHFWLYHO\ FRPPXQLFDWH
SULPDU\GULYLQJLQIRUPDWLRQWRGULYHUVLQDXWRPDWHGYHKLFOHV,QVWHDGLWKDVVKRZQWKDWDUWL'JFLDOV\QWKHVLVHG
VRXQGV VXFK DV RXU 6SDWLDO (DUFRQV FDQ DOVR H'IHFWLYHO\ FRPPXQLFDWH WKLV LQIRUPDWLRQ 1RUPDQ KDV
PDLQWDLQHGWKDW WKHSUREOHPZLWKDXWRPDWLRQ LV WKH ODFNRIFRQWLQXDODSSURSULDWH IHHGEDFNWKDW LVUHFHLYHG
GXULQJPDQXDORSHUDWLRQ>@2XU 'JQGLQJVKLJKOLJKW WKDW LQ WKHFRQWH[WRIDXWRPDWHGGULYLQJSUH-H[LVWLQJ
YHKLFOH DXGLWRU\ IHHGEDFN ([LVWLQJ9HKLFOH6RXQGVFRXOG EH UHSODFHG ZLWK V\QWKHVLVHG DXGLWRU\ IHHGEDFN
6SDWLDO(DUFRQVZLWKRXW QHJDWLYHO\ LPSDFWLQJ GULYHU ZRUNORDG ZKLOVW VWLOO R'IHULQJ DFFHSWDEOH OHYHOV RI
XVDELOLW\ 
)XUWKHUPRUH 6SDWLDO (DUFRQV HPSOR\HG WKH XVH RI WKUHH-GLPHQVLRQDO VSDWLDOLVDWLRQ &iLV R'IHUHG DQ
DGGLWLRQDOOD\HURILQIRUPDWLRQWRWKHGULYHUWKDWZDVXVHGWRHQKDQFHGULYHUDZDUHQHVVWRWKHDFWLRQVRIWKH
YHKLFOH0LOOHUHWDOSURSRVHGWKDWDQDXWRPDWHGYHKLFOHPXVWFRPPXQLFDWHLWVLQWHQGHGDFWLRQVWRWKHGULYHU
LQDQDSSURSULDWHPDQQHU>@&iHUHVXOWVRIWKLVZRUN VXJJHVWWKDWWKHVSDWLDODVSHFWRIRXU6SDWLDO(DUFRQV
ZDVDQDSSURSULDWHPHWKRG WRSUHVHQWSULPDU\GULYLQJ LQIRUPDWLRQZLWKLQDQDXWRPDWHGYHKLFOH WRVXSSRUW
WKHGULYHU3UHYLRXVUHVHDUFKKDVDOVRPHQWLRQHGWKDWH[LVWLQJLQ-YHKLFOHWHFKQRORJLHVKDYHQRWLPSOHPHQWHG
VRXQGWRLWVIXOOSRWHQWLDO>@)RUPDQXDOGULYLQJ7UHQWDFRVWHKDVVWDWHGWKDWWKHGULYHUVKRXOGQRWHQJDJH
LQVSDWLDOSHUFHSWLRQDV LWPD\GLVWUDFW WKHPIURPWKHGULYLQJWDVN >@+RZHYHUGLVWUDFWLRQWR WKHGULYLQJ
WDVNLVRIIDUOHVVFRQFHUQGXULQJDXWRPDWHGGULYLQJ&iHUHIRUHEDVHGRQRXU'JQGLQJVZHVXJJHVWWKDWGXHWR 
WKH UHGXFHGULVNRIGULYHUGLVWUDFWLRQDQG WKHRSSRUWXQLWLHV VSDWLDOLVDWLRQR'IHUVDVDQDGGLWLRQDOGLPHQVLRQ
IURPZKLFKWRSUHVHQWLQIRUPDWLRQDXWRPDWHGYHKLFOHVFDQHPSOR\DXGLWRU\IHHGEDFNLQDVSDWLDOLVHGPDQQHU
EHFDXVHLWHQKDQFHVGULYHUDZDUHQHVVWRWKHDFWLRQVRIWKHYHKLFOH 
&iH VHFRQG UHVHDUFK TXHVWLRQ IRU WKLV UHVHDUFK ZDV #?$UH6SDWLDO(DUFRQVPRUHXVHIXOWKDQ([LVWLQJ9HKLFOH
6RXQGVWRSUHVHQWSULPDU\GULYLQJWDVNLQIRUPDWLRQLQDXWRPDWHGYHKLFOHV"#픀 6SDWLDO(DUFRQV ZHUH DV XVHIXO DV
([LVWLQJ9HKLFOH6RXQGV WR SUHVHQW SULPDU\ GULYLQJ LQIRUPDWLRQ LQ DXWRPDWHG YHKLFOHV &iH\ SURGXFHG ORZHU
PHDQ ZRUNORDGV WKDQ ([LVWLQJ9HKLFOH6RXQGV EXW ZRUNORDG ZDV QRW VLJQL'JFDQWO\ ORZHU DV VKRZQ LQ )LJ 
&iLV'JQGLQJGHPRQVWUDWHVWKDW 6SDWLDO(DUFRQVZHUHDVXLWDEOHDOWHUQDWLYHWR([LVWLQJ9HKLFOH6RXQGVWRSUHVHQW
SULPDU\GULYLQJLQIRUPDWLRQ6SDWLDO(DUFRQVDOVRSURYLGHGVLPLODUOHYHOVRIXVDELOLW\WR([LVWLQJ9HKLFOH6RXQGV
VHH)LJ&iLV UHVXOW UHLQIRUFHV WKHSRWHQWLDORI 6SDWLDO(DUFRQV DVDQDOWHUQDWLYH WR ([LVWLQJ9HKLFOH6RXQGV
IRUWKHSUHVHQWDWLRQRISULPDU\GULYLQJLQIRUPDWLRQ+RZHYHUZKHQHQKDQFLQJGULYHUDZDUHQHVVWRWKHLURZQ
DFWLRQV([LVWLQJ9HKLFOH6RXQGVZHUHIRXQGWREHPRUHH'IHFWLYHWKDQ 6SDWLDO(DUFRQV&iLVLV LQNHHSLQJZLWK
:RJDOWHU HW DO ZKHUH XVHUV ZHUH IRXQG WR SUHIHU DQ HOHFWULF YHKLFOH WR VRXQG OLNH D WUDGLWLRQDO LQWHUQDO
XX:20 ڰ David Beattie et al. 
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FRPEXVWLRQHQJLQH,&(>@6XEMHFWLYHUHVSRQVHVDOVRKLJKOLJKWHGWKDWSDUWLFLSDQWVKDGVRPHUHVHUYDWLRQV
DERXWXVLQJ6SDWLDO(DUFRQVRYHU([LVWLQJ9HKLFOH6RXQGV LQWKHLURZQYHKLFOHZLWKRQHXVHUPHQWLRQLQJWKH\
IHOWPRUHFRPIRUWDEOHZLWKPHFKDQLFDOVRXQGV7RVXSSOHPHQWWKLVZRUNDQGIRUPDPRUHGH'JQLWLYHDQVZHU
WRRXUVHFRQGUHVHDUFKTXHVWLRQDORQJHUVWXG\VKRXOGEHFRQGXFWHGWRDVVHVVZKHWKHUH[WHQGHGXVHRI6SDWLDO
(DUFRQVFRXOGOHDGWRLPSURYHGDFFHSWDQFHRIWKLVIRUPRIDXGLWRU\IHHGEDFN 
&iH 'JQDO TXHVWLRQ WR EH DGGUHVVHG E\ WKLV UHVHDUFK ZDV  ڨ&DQ6SDWLDO(DUFRQVSURYLGHDIHHOLQJRIFRQWUROWR
GULYHUVRIDXWRPDWHGYHKLFOHV"ک%RWKDXGLWRU\GLVSOD\W\SHVZHUHFRPSDUDEOHZKHQXVHGWRSURYLGHDIHHOLQJRI
FRQWUROGXULQJPDQXDODQGDXWRPDWHGGULYLQJ$VH[SHFWHGPDQXDOGULYLQJZDVVLJQL'JFDQWO\PRUHH'IHFWLYHDW
SURYLGLQJDVHQVHRIFRQWUROWKDQDXWRPDWHGGULYLQJ&iLVUHVXOWLVQRWVXUSULVLQJDV(FNROGWHWDOSUHYLRXVO\
VKRZHG WKDW GULYHUV ORVH D IHHOLQJ RI FRQWURO HYHQ ZKHQ VLQJXODU GULYLQJ WDVNV DUH DXWRPDWHG >@ 2XU
'JQGLQJVGRQRWGHPRQVWUDWHWKDWWKHXVHRI 6SDWLDO(DUFRQVSURGXFHGDVLJQL'JFDQWO\JUHDWHUIHHOLQJRIFRQWURO
WKDQ ([LVWLQJ9HKLFOH6RXQGV GXULQJ DXWRPDWHG GULYLQJ +RZHYHU WKH\ GLG SURYLGH DQ DZDUHQHVV WR WKH
YHKLFOH#?V DFWLRQV GXULQJ DXWRPDWHG GULYLQJ VLPLODU WR ([LVWLQJ9HKLFOH6RXQGV EXW ZHUH OHVV H'IHFWLYH DW 
SURYLGLQJDQDZDUHQHVVWRWKHGULYHUV#?RZQDFWLRQVZKLOVWGULYLQJ&iLV'JQGLQJPD\KDYHRFFXUUHG DVDUHVXOW
RI ([LVWLQJ9HKLFOH6RXQGVEHLQJ PRUH IDPLOLDU WKDQ 6SDWLDO(DUFRQV WR SUHVHQW SULPDU\ GULYLQJ LQIRUPDWLRQ
(DUFRQVKDYHEHHQVKRZQWRUHTXLUHDVX'LFLHQWOHDUQLQJSHULRGLQRUGHUIRUWKHOLVWHQHUWRFRUUHFWO\DVVRFLDWH
WKHVRXQGZLWKWKHFRUUHVSRQGLQJDFWLRQ>@&iHUHIRUHGULYHUVPD\KDYHUHTXLUHG IXUWKHUH[SHULHQFHZLWK
6SDWLDO(DUFRQVWRDVVRFLDWHWKHFRQQHFWLRQWRWKHLURZQDFWLRQVGXULQJWKHGULYLQJWDVN 
327(17,$//,0,7$7,216 
&iHSUHOLPLQDU\REVHUYDWLRQDO 'JHOG VWXG\ZDVFRQGXFWHG ZLWKHLJKWSDUWLFLSDQWV&iHUHIRUHQRHPSLULFDO
TXDQWLWDWLYHDQDO\VLVRIWKHUHVXOWVFRXOGEHFRQGXFWHG+RZHYHUWKHUDQJHRIGHVFULSWLYHVWDWLVWLFVREWDLQHG
IURP WKH SUHOLPLQDU\ 'JHOG VWXG\ SURYLGHG PDQ\ SURPLVLQJ UHVXOWV ,Q SDUWLFXODU WKH VWXG\ VXJJHVWHG WKDW
SDUWLFLSDQWVSODFHGGL'IHUHQWOHYHOVRILPSRUWDQFHRQGULYLQJVRXQGVGHSHQGLQJRQZKDWGULYLQJWDVNFDWHJRU\
ZLWKZKLFK WKH\ZHUHDVVRFLDWHG&iHVH 'JQGLQJVSUHVHQW DQ LQWHUHVWLQJDUHD IRU IXUWKHUUHVHDUFKDVD ODUJHU
UHSHDWHGVWXG\ZRXOGJDWKHUDVHWRILQIHUHQWLDOVWDWLVWLFV&iLVPD\SURYLGHPRUHFRQFUHWHHYLGHQFHUHJDUGLQJ
WKH FRJQLWLYH SURFHVVHV LQYROYHG LQ D GULYHU#?V GHFLVLRQ WR UHVSRQG WR GULYLQJ VRXQGV ,Q DGGLWLRQ WKH 'JHOG
VWXG\ KLJKOLJKWHG WKDW WKH VRQLF SDUDPHWHUV WKDW FDXJKW SDUWLFLSDQWV#?D&?HQWLRQ ZHUH GL'IHUHQW EHWZHHQ
SULPDU\ VHFRQGDU\ DQG WHUWLDU\ WDVN VRXQGV ,W ZDV QRW FOHDU ZK\ WKLV ZDV WKH FDVH EXW FRXOG KDYH EHHQ
FRQ'JUPHGE\DODUJHUVWXG\&iHSUHOLPLQDU\'JHOGVWXG\ DOVRKLJKOLJKWHGWKDWSDUWLFLSDQWVZHOFRPHGSULPDU\
GULYLQJWDVNVRXQGVWREHORFDWHGLQSRVLWLRQVDOWHUQDWLYHWRWKHLUWUDGLWLRQDOO\PHFKDQLFDOO\ERXQGORFDWLRQV
%DVHGRQWKHLQLWLDO'JQGLQJVWKHUHZHUHQRVXJJHVWLRQVZK\SDUWLFLSDQWVZHOFRPHGWKHUHORFDWLRQRISULPDU\
GULYLQJWDVNVRXQGVEXWQRWVHFRQGDU\DQGWHUWLDU\WDVNVRXQGV&RQGXFWLQJWKHVWXG\ZLWKPRUHSDUWLFLSDQWV
PD\KDYHKHOSHGWRLGHQWLI\WKHUHDVRQZK\SDUWLFLSDQWVZHUHOHVVOLNHO\WRZDQWVHFRQGDU\DQGWHUWLDU\WDVN
VRXQGVUHORFDWHGLQDYHKLFOH$ODUJHUVWXG\ZRXOGDOVRKDYHKHOSHGWRSURYLGHLPSURYHGVRXQGFOXVWHULQJIRU
WKHGLVWLQFWGULYLQJWDVNFDWHJRULHVDVSUHVHQWHGLQ)LJ 
&iH2SHQ'6GULYLQJVLPXODWRU>@XVHGGXULQJWKLVVWXG\SURYLGHGDQH'IHFWLYHUHVHDUFKEDVHGSODWIRUP
IRU UDSLG LPSOHPHQWDWLRQEXWKDGVRPHGUDZEDFNV&iH $,DXWRQRPRXVYHKLFOHV WKDWQDYLJDWHG WKHGULYLQJ
VLPXODWRUHQYLURQPHQWRQSUH-GH'JQHGURXWHVGLGQRWSURYLGHDXGLWRU\IHHGEDFN&iLVZDVKLJKOLJKWHGE\WKUHH
RI WKH SDUWLFLSDQWV GXULQJ WKH SRVW-HYDOXDWLRQ VWDJH &iHUHIRUH WKH GULYLQJ VLPXODWRU FRQGLWLRQV GLG QRW
IHDWXUH H[WHUQDO WUD'LF QRLVH GXULQJ DQ\ RI WKH H[SHULPHQWV &iLV PD\ KDYH UHGXFHG WKH SHUFHLYHG UHDOLVP
GXULQJ WKH GULYLQJ FRQGLWLRQV 7R FRXQWHUDFW WKLV ODFN RI H[WHULRU QRLVH RXU GULYLQJ VLPXODWRU VWXG\ ZDV
FRQGXFWHGLQDQRXWGRRUORFDWLRQ&iLVHQVXUHGWKDWUHDO-ZRUOGHQYLURQPHQWDOVRXQGVIURPQXPHURXVH[WHUQDO
YHKLFOHVZHUHKHDUGWKURXJKRXWWKHH[SHULPHQW VHH6HFWLRQDQG7DEOHDV LWZDVFRQGXFWHGQH[W WRD
EXV\PDLQURDG&iHPLWLJDWLRQRIGULYHUVDIHW\FRQFHUQVR'IHUHGE\GULYLQJVLPXODWRUVPDNHVWKHPDSUDFWLFDO 
VROXWLRQIRUDXWRPRWLYH+&,UHVHDUFK+RZHYHUZHKDYHXWLOLVHGDQLPSURYHGPHWKRGRYHUWUDGLWLRQDOLQGRRU
GHVNWRS-EDVHGV\VWHPV%\FRQGXFWLQJRXUGULYLQJVLPXODWRUVWXG\LQDQRXWGRRUORFDWLRQZHDLPHGWREULGJH
WKHJDSEHWZHHQFRPPRQO\XVHGLQGRRUGHVNWRSGULYLQJVLPXODWRUVDQGUHDORQ-URDGGULYLQJH[SHULPHQWV 
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&iLVQRYHODSSURDFKPD\EHXVHIXO WRRWKHU UHVHDUFKHUVZKRZLVK WR WDNHDGYDQWDJHRI WKH 'KH[LELOLW\RI
GHVNWRS-EDVHGGULYLQJVLPXODWRUVZKLOHLPSURYLQJRQWKHLUUHVWULFWHGVHQVHRIUHDOLVPE\PRYLQJWRZDUGVD
PRUHUHDOLVWLFGULYLQJHQYLURQPHQW 
,03/,&$7,216$1')8785(:25. 
&iH REMHFWLYH RI WKLV ZRUN ZDV WR H[SORUH WKH UROH RI DXGLWRU\ IHHGEDFN LQ DXWRPDWHG YHKLFOHV WR DVVHVV
ZKHWKHULWFDQUH-HVWDEOLVKDFRQQHFWLRQEHWZHHQWKHGULYHUDQGWKHYHKLFOHDQGR'IHUDIHHOLQJRIFRQWURO2XU
H[SHULPHQW KLJKOLJKWV WKDW GULYHUV GR QRW QHFHVVDULO\ UHTXLUH WKH FRQWLQXHG LQFOXVLRQ RI ([LVWLQJ9HKLFOH
6RXQGV LQRUGHU WREHPDGHDZDUHRIWKH LQWHQGHGDFWLRQVRIDQDXWRPDWHGYHKLFOH,QVWHDGZHKDYHVKRZQ
WKDW V\QWKHVLVHGDUWL'JFLDO GULYLQJ VRXQGV FDQEH FUHDWHG WKDW UHSOLFDWH WKH VRQLFTXDOLWLHVRI ([LVWLQJ9HKLFOH
6RXQGVZLWK QR LPSDFW WR GULYHU ZRUNORDG RU XVDELOLW\ )XUWKHUPRUH WKHVH VRXQGV FDQ EH SUHVHQWHG XVLQJ
WKUHH-GLPHQVLRQDOVSDWLDOLVDWLRQWRSURYLGHDGGLWLRQDOLQIRUPDWLRQWRWKHGULYHUDQGHQKDQFHWKHLUDZDUHQHVV
WR DQ DXWRPDWHG YHKLFOH#?V DFWLRQV :KLOH WKLV SDSHU H[SORUHV WKH DXGLWRU\ PRGDOLW\ UHVHDUFK FRXOG EH
FRQGXFWHGWRDGGUHVVKRZGL'IHUHQWPRGDOLWLHVVXFKDVWDFWLOHRUYLVXDOIHHGEDFNFDQKHOSWRUH-HVWDEOLVKWKH
FRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOHLQDXWRPDWHGYHKLFOHV 
$ ORQJLWXGLQDO VWXG\ ZRXOG EHQH'JW WKLV ZRUN WR H[SORUH GULYHUV#?EHKDYLRXUDO FKDQJHV RYHU WLPH ZKLOVW
HQJDJHG LQ DQ DXWRPDWHG MRXUQH\ XVLQJ 6SDWLDO(DUFRQV$GGLWLRQDOO\ D UHDO-ZRUOG DXWRPDWHG GULYLQJ VWXG\
VKRXOG EH FRQGXFWHG WR IXUWKHU DVVHVV WKHLU XVHIXOQHVV ZKHQ UHDO GULYLQJ HYHQWV DUH HQFRXQWHUHG )XUWKHU
LQYHVWLJDWLRQVVKRXOGDOVREHFDUULHGRXWWRHYDOXDWHWKHXVHRI6SDWLDO(DUFRQVZLWKLQDXWRPDWHGYHKLFOHVWKDW
IHDWXUH/HYHODQG/HYHO DXWRPDWLRQ >@&iLVZRXOGXOWLPDWHO\SURYLGHDPRUHFRPSOHWHSLFWXUHRI WKH
XVHIXOQHVV RI 6SDWLDO(DUFRQV IRU DOO OHYHOV RI DXWRPDWLRQ LQ YHKLFOHV 0RUHRYHU WKH DSSOLFDWLRQ RI 6SDWLDO
(DUFRQVPD\EHXVHIXOIRUWKHLQYHVWLJDWLRQRI#?KDQGRYHURIFRQWURO#?VLWXDWLRQVLQDXWRPDWHGYHKLFOHVEHWZHHQ
KLJKHUWRORZHUDXWRPDWLRQOHYHOV$QH[DPSOHRIWKHLUXVHPD\EHWKDWGXULQJPDQXDOGULYLQJGULYHUVFRXOG
EH SUHVHQWHG ZLWK ([LVWLQJ 9HKLFOH 6RXQGV ZKLOVW GXULQJ DXWRPDWHG GULYLQJ 6SDWLDO (DUFRQV FRXOG EH
SUHVHQWHG&iLVZRXOGSURYLGHFOHDUGL'IHUHQWLDWLRQEHWZ HHQGULYLQJPRGHVGXHWRWKHVRXQGVSUHVHQWHGDQG
PD\SURYLGHDQH'IHFWLYHVROXWLRQWRWKHLVVXHRI#?KDQGRYHURIFRQWURO#? 
)XWXUHZRUNFRXOGLQYHVWLJDWHWKUHH-GLPHQVLRQDODXGLWRU\VSDWLDOLVDWLRQIRURWKHUDSSOLFDWLRQDUHDVZLWKLQ
WKHYHKLFOH&iUHH-GLPHQVLRQDODXGLWRU\VSDWLDOLVDWLRQKDVEHHQLQYHVWLJDWHGDFURVVYDULRXVGRPDLQVVXFKDV
IRU QDYLJDWLRQDO FXHV YLD PRELOH GHYLFHV >@ DQG DXJPHQWHG UHDOLW\ JDPLQJ >@ %HFDXVH GULYHUV DUH QR
ORQJHUEXUGHQHGZLWKWKHPDQXDOWDVNRIGULYLQJLQDXWRPDWHGYHKLFOHVWKH\DUHIUHHWRFDUU\RXWQRQ-GULYLQJ
WDVNV&iHUHIRUHLWZRXOGEHXVHIXOWRH[SORUHZKDWDGGLWLRQDOW\SHVRIDXGLWRU\IHHGEDFNGULYHUVZRXOGZLVK
WR UHFHLYH ZKLOVW GULYLQJ LQ DQ DXWRPDWHG YHKLFOH HJ QDYLJDWLRQDO DQG URDG WUD'LF XSGDWHV RU DGGLWLRQDO
ORFDWLRQ-EDVHGHQYLURQPHQWDOLQIRUPDWLRQ)XUWKHUPRUHWKHH[SORUDWLRQRIQRQ-GULYLQJEDVHGLQWHUDFWLRQVLQ
DXWRPDWHGYHKLFOHVWKDWLQFRUSRUDWHVSDWLDOLVHGDXGLWRU\IHHGEDFNZRXOGEHQH'JWWKHXELTXLWRXVDQGSHUYDVLYH
FRPSXWLQJFRPPXQLW\DQGIXUWKHUHQKDQFHKXPDQIDFWRUVUHVHDUFKIRUDXWRPDWHGYHKLFOHV 
&iLV ZRUN KDV EURDGHU LPSOLFDWLRQV IRU WKH XELTXLWRXV FRPSXWLQJ FRPPXQLW\ RXWVLGH RI WKH DXWRPDWHG
YHKLFOH GRPDLQ 2XU H'IRUWV KDYH IRFXVHG RQ WKH SUHVHQWDWLRQ RI SULPDU\ GULYLQJ LQIRUPDWLRQ XVLQJ 6SDWLDO
(DUFRQV WR UHSODFH ([LVWLQJ9HKLFOH6RXQGVDQG UH-HVWDEOLVK D FRQQHFWLRQ EHWZHHQ WKH GULYHU DQG WKHYHKLFOH
+RZHYHU 6SDWLDO(DUFRQV FRXOG EH DOVR XVHG DV SDUW RI DXGLWRU\ IHHGEDFN IRU WHOHSUHVHQFH WHFKQRORJLHV IRU
H[DPSOH2QHDUHD LQSDUWLFXODU LV WHOHURERWLFVZKHUH 6SDWLDO(DUFRQV FRXOG HQKDQFHDZDUHQHVVEHWZHHQDQ
RSHUDWRUDQGDUHPRWHO\FRQWUROOHGGHYLFH&iH\PD\DOVREHXVHIXOLQYLUWXDO-UHDOLW\WUDLQLQJIRUKHDOWK-FDUH
SURIHVVLRQDOV,QWKLVFRQWH[W6SDWLDO(DUFRQVFRXOGEHXVHGWRSURYLGHDXGLWRU\FXHVGXULQJWKHDFTXLVLWLRQRI
QHZWHFKQLFDOVNLOOV 
&21&/86,21 
&iLV VWXG\ LQYHVWLJDWHG WKH DSSOLFDWLRQ RI 6SDWLDO(DUFRQVIRU SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ LQ
DXWRPDWHGYHKLFOHVDQGGHWHUPLQHGWKHLUH'IHFWLYHQHVV LQFRQWUDVWWRFXUUHQWO\DYDLODEOHDXGLWRU\IHHGEDFNLQ
PDQXDOYHKLFOHVHJ([LVWLQJ9HKLFOH6RXQGV)LQGLQJVKHOSHGWRDVVHVVZKHWKHUDUWL'JFLDODXGLWRU\IHHGEDFNFDQ
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EH XVHG LQVWHDG RI FXUUHQWO\ DYDLODEOH DXGLWRU\ IHHGEDFN WR UH-HVWDEOLVK WKH FRQQHFWLRQ EHWZHHQ GULYHU DQG
YHKLFOHGXULQJDXWRPDWHGGULYLQJ$SUHOLPLQDU\'JHOGVWXG\ZDVFRQGXFWHGWRH[SORUHKRZGULYLQJVRXQGVDUH
SHUFHLYHGE\GULYHUVRIPDQXDOO\RSHUDWHGYHKLFOHV&iH'JQGLQJVVXJJHVWHGWKDWZKHQKHDULQJSULPDU\GULYLQJ 
VRXQGVGULYHUVPDGHXVHRIWKH3LWFKDQG7LPEUHRIWKHVRXQGLQRUGHUWRFDSWXUHWKHLUD&?HQWLRQ&iHVWXG\
'JQGLQJVDOVRVXJJHVWHGWKDWGULYHUVPD\KDYHZHOFRPHGWKHUHORFDWLRQRISULPDU\GULYLQJVRXQGVWRSRVLWLRQV
VHSDUDWHIURPWKHPHFKDQLFDORSHUDWLRQFUHDWLQJWKHVRXQG7RH[SORUHWKHVH'JQGLQJVIRUWKHLUDSSOLFDWLRQLQ
DXWRPDWHGYHKLFOHVDVHWRI6SDWLDO(DUFRQVZHUHGHYHORSHGDQGZHUHFRPSDUHGZLWK([LVWLQJ9HKLFOH6RXQGV
LQDGULYLQJVLPXODWRUVWXG\ 
&iLV UHVHDUFK PDNHV D QRYHO FRQWULEXWLRQ WR WKH 'JHOG RI  DXWRPDWHG YHKLFOH XVHU LQWHUIDFH UHVHDUFK DV
6SDWLDO(DUFRQVKDYHQRWSUHYLRXVO\EHHQLQYHVWLJDWHGDVDPHWKRGWRSUHVHQWSULPDU\GULYLQJLQIRUPDWLRQWR
GULYHUV LQDXWRPDWHGYHKLFOHV5HVXOWV IURPRXUGULYLQJVLPXODWRU VWXG\VKRZHG WKDW 6SDWLDO(DUFRQVZHUHD
VXLWDEOH DOWHUQDWLYH WR ([LVWLQJ9HKLFOH6RXQGV DV D PHWKRG RI SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ ,Q
SDUWLFXODU WKH\ R'IHUHG FRPSDUDEOH OHYHOV RI XVDELOLW\ WR GULYHUV DQG SURGXFHG ORZHU PHDQ ZRUNORDGV WKDQ
([LVWLQJ9HKLFOH6RXQGV 6SDWLDO(DUFRQV ZHUH QRW VKRZQ WR EH D GLVWUDFWLRQ WR WKH GULYLQJ WDVN E\ GULYHUV
&iHUHIRUH 6SDWLDO(DUFRQVPD\EHFRQVLGHUHGDVXLWDEOHDOWHUQDWLYHWR([LVWLQJ9HKLFOH6RXQGVLIWKHLULQWHQWLRQ
LV WR SUHVHQW SULPDU\ GULYLQJ LQIRUPDWLRQ WR HQKDQFH GULYHU DZDUHQHVV WR WKH LQWHQGHG DFWLRQV RI DQ
DXWRPDWHG YHKLFOH+RZHYHU D VX'LFLHQW OHDUQLQJ SHULRGPD\EH UHTXLUHG VR WKDWGULYHUV FDQDGRSW 6SDWLDO
(DUFRQVWRH'IHFWLYHO\HQKDQFHDZDUHQHVVWRWKHLURZQDFWLRQVZKHQGULYLQJ 
&iLVUHVHDUFKGHPRQVWUDWHVWKDWHQWLUHO\QHZV\QWKHVLVHGSULPDU\GULYLQJVRXQGVVXFKDV6SDWLDO(DUFRQV
FDQ EH GHVLJQHG WR UHSODFH ([LVWLQJ9HKLFOH6RXQGV IRU DXWRPDWHG YHKLFOHV &iHVH QHZ V\QWKHVLVHG VRXQGV
VKRXOG LPLWDWH WKH SUH-H[LVWLQJ VRQLF FKDUDFWHULVWLFV RI WKH PHFKDQLFDO VRXQG WKH\ DUH LQWHQGHG WR UHSODFH
)XUWKHUPRUH WKHVH V\QWKHVLVHG VRXQGV FDQ EH SUHVHQWHG VSDWLDOO\ DURXQG WKH YHKLFOH FDELQ LQ RUGHU WR
HQKDQFHGULYHUV#?DZDUHQHVVWRWKHLQIRUPDWLRQSUHVHQWHG&iHVHGLVFRYHULHVRSHQXSDUDQJHRIRSSRUWXQLWLHV
IRULQWHUDFWLRQGHVLJQHUVZLVKLQJWRXWLOLVHDXGLWRU\IHHGEDFNLQDXWRPDWHGYHKLFOHVE\VKRZLQJWKDWLWLVQRW
QHFHVVDU\ WR UHWDLQ WKHXVHRI([LVWLQJ9HKLFOH6RXQGV$GGLWLRQDOO\ WKLVZRUNEHQH'JWV WKHZLGHUXELTXLWRXV
FRPSXWLQJFRPPXQLW\:HKDYHVKRZQWKDWV\QWKHVLVHGDXGLWRU\IHHGEDFNVXFKDV6SDWLDO(DUFRQVR'IHUV D
VLPLODU IHHOLQJ RI FRQWURO DV([LVWLQJ9HKLFOH6RXQGV ZKHQ XVHG ZLWKLQ DXWRPDWHG YHKLFOHV +RZHYHU WKH
DSSOLFDWLRQRIV\QWKHVLVHGDXGLWRU\IHHGEDFNPD\H[WHQGWKHDXWRPRWLYHGRPDLQ)XWXUHZRUNVKRXOGH[SORUH
LWVXVHZLWKLQRWKHUFRQWH[WVSDUWLFXODUO\WKRVHWKDWLQFRUSRUDWHKLJKOHYHOVRIDXWRPDWLRQZKHUHWKHQDWXUDO
IHHGEDFNPRGDOLWLHVSUHVHQWGXULQJPDQXDORSHUDWLRQDUHJUHDWO\GLPLQLVKHG 
5()(5(1&(6 
 [1] <XNLR$NDVKL065HDDQG-'%XOORXJK'ULYHUGHFLVLRQPDNLQJLQUHVSRQVHWRSHULSKHUDOPRYLQJWDUJHWVXQGHUPHVRSLF
OLJKWOHYHOV/LJKWLQJ5HVHDUFKDQG7HFKQRORJ\#?. K&?SVGRLRUJ 
 [2] Mark Allman-Ward, Roger Williams, Garry Dunne, and Paul Jennings. 2004. The evaluation of vehicle sound quality using an NVH 
simulator. In Internoise 2004, 1#?8. 
 [3] James. M. Anderson, Nidhi. Kalra, Karlyn. D. Stanley, Paul. Sorensen, Constantine. Samaras, and Oluwatobi. Oluwatola. 2016. 
Autonomous vehicle technology: A guide for policymakers. Rand Corporation, Santa Monica, CA. Retrieved from 
http://www.rand.org/pubs/research_reports/RR443-2.html. Also available in print form. 
 [4] Leonardo. Angelini, Jurgen. Baumgartner, Francesco. Carrino, Stefano. Carrino, Maurizio. Caon, Omar Abou. Khaled, Jurgen. Sauer, 
Denis. Lalanne, Elena. Mugellini, and Andreas. Sonderegger. 2016. A comparison of three interaction modalities in the car: gestures, 
YRLFHDQGWRXFK,Q$FWHVGHODLªPHFRQI«UHQFHIUDQFRSKRQHVXUO#?,QWHUDFWLRQ+RPPH-Machine, 188#?196. 
 [5] Mohammad Ardavan and Fang Chen. 2011. Listen! Somebody is Walking Towards Your Car (Introducing the Awareness-3D Sound 
6\VWHP LQWR WKH 'ULYHU WR ,QFUHDVH WKH 3HGHVWULDQ#?V 6DIHW\ ,Q /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH #?98. 
https://doi.org/10.1007/978-3-642-21708-1_11 
 [6] Aaron Bangor, Philip Kortum, and James Miller. 2009. Determining what individual SUS scores mean: Adding an adjective rating 
scale. Journal of usability studies 4, 3: 114#?123. https://doi.org/66.39.39.113 
 [7] Jay Baron, Bernard Swieckl, and Yen Chen. 2007. Vehicle Technology Trends in Electronics for the North American Market; 
Opportunities for the Taiwanese Automotive Industry. 
 [8] David Beattie, Lynne Baillie, and Martin Halvey. 2015. A Comparison of Artificial Driving Sounds for Automated Vehicles. In 
Proceedings of the 2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing (UbiComp '15). ACM, New 
York, NY, USA, 451-462. DOI: https://doi.org/10.1145/2750858.2807519 
 [9] David Beattie, Lynne Baillie, Martin Halvey, and Rod McCall. 2013. Maintaining a Sense of Control in Autonomous Vehicles via 
Auditory Feedback. In 4th International Workshop on the Perceptual Quality of Systems. September 2-4th 2013, Vienna, Austria. 
 Exploring How Drivers Perceive Spatial Earcons in Automated Vehicles ڰ XX:23 
 
 
 Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 1, No. 3, Article XXXX. Publication date: September 2017. 
 [10] 'DYLG%HDWWLH/\QQH%DLOOLH0DUWLQ+DOYH\DQG5RG0F&DOO:KDW#?V$URXQGWKH&RUQHU"(QKDQFLQJ'ULYHU$ZDUHQHVVLQ
Autonomous Vehicles via In-Vehicle Spatial Auditory Displays. In Proceedings of the 8th Nordic Conference on Human-Computer 
Interaction: Fun, Fast, Foundational (NordiCHI '14). ACM, New York, NY, USA, 189-198. 
 [11] Martin Beuhler, Karl Iagnemma, and Sanjiv Singh. 2009. The DARPA Urban Challenge: Autonomous Vehicles in City Traffic. 
Springer. 
 [12] Vijendra Bhat and Yidan Lai. 2013. Design methodology of 3D sounds for in-vehicle auditory information systems. Retrieved 15 
January 2014 from http://publications.lib.chalmers.se/records/fulltext/174786/174786.pdf 
 [13] Stewart A. Birrell and Mark S. Young. 2011. The impact of smart driving aids on driving performance and driver distraction. 
Transportation Research Part F: Traffic Psychology and Behaviour 14, 6: 484#?493. https://doi.org/10.1016/j.trf.2011.08.004 
 [14] M. Blanco, J. Atwood, H.M. Vasquez, T.E. Trimble, V.L. Fitchett, J. Radlbeck, G.M. Fitch, S.M. Russell, C.A. Green, B. Cullinane, and 
J.F. Morgan. 2015. Human Factors Evaluation of Level 2 and Level 3 Automated Driving Concepts. 
 [15] Stephen A. Brewster, Peter C. Wright, and Alistair D. N. Edwards. 1995. Experimentally Derived Guidelines for the Creation of 
Earcons. Adjunct Proceedings of HCI: 1#?4. Retrieved from http://www.dcs.gla.ac.uk/~stephen/earcon_guidelines.shtml 
 [16] John Brooke. 1996. SUS - A Quick and Dirty Usability Scale. Usability evaluation in industry 189, 194: 4#?7. 
 [17] Barry. Brown and Eric. Laurier. 2012. The Normal, Natural Troubles of Driving with GPS. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems, 1621#?1630. Retrieved 8 September 2014 from 
http://mobilelifecentre.org/sites/default/files/GPS_paper_-_CHI_camera_ready.pdf 
 [18] Catherine Marie Burns and Anson Ho. 2012. Music as an Auditory Display: Interaction Effects of Mode and Tempo on Perceived 
Urgency. In Annual Meeting of the Human Factors and Ergonomics Society. 
 [19] Yujia. Cao, Angela. Mahr, Sandro. Castronovo, Mariët. Theune, Christoph. Stahl, and Christian. Müller. 2010. Local danger 
warnings for drivers: The effect of modality and level of assistance on driver reaction. In Intelligent User Interfaces, 239#?248. 
https://doi.org/10.1145/1719970.1720004 
 [20] Yujia Cao, Frans van der Sluis, Mariët Theune, Rieks op den Akker, and Anton Nijholt. 2010. Evaluating Informative Auditory and 
Tactile Cues for In-Vehicle Information Systems. Proceedings of the 2nd International Conference on Automotive User Interfaces 
and Interactive Vehicular Applications - $XWRPRWLYH8,#?$XWRPRWLYH8,KWWSVGRLRUJ 
 [21] Lars Holm Christiansen, Nikolaj Yde Frederiksen, Brit Susan Jensen, Alex Ranch, Mikael B. Skov, and Nissanthen 
7KLUXUDYLFKDQGUDQ'RQ#?WORRNDWPHL#?PWDONLQJWR\RX,QYHVWLJDWLQJLQSXWDQGRXWSXWPRGDOLWLHVIRULQ-vehicle systems. In 
Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in 
Bioinformatics). 675#?691. https://doi.org/10.1007/978-3-642-23771-3_49 
 [22] Michael Cohen, Owen Noel, and Newton Fernando. 2006. Spatial Sound for Vehicular Way-Finding and Situation Awareness. 
 [23] Joseph. F. Coughlin, Bryan Reimer, and Bruce Mehler. 2009. Driver wellness, safety & the development of an awarecar. AgeLab, 
Massachusetts Institute of Technology: 1#?15. Retrieved 29 November 2012 from 
https://www.foundationcenter.org/grantmaker/santos/agelab.pdf 
 [24] Mitchell Cunningham and Michael A Regan. 2015. Autonomous Vehicles: Human Factors Issues and Future Research. In 
Proceedings of the 2015 Australasian Road Safety Conference. 
 [25] Michael Despina, Marios Kleanthous, Marinos Savva, Smaragda Christodoulou, Maria Pampaka, and Andreas Gregoriades. 2014. 
Impact of Immersion and Realism in Driving Simulator Studies. International Journal of Interdisciplinary Telecommunications and 
Networking 6, 1: 10#?25. https://doi.org/10.4018/ijitn.2014010102 
 [26] Kai Eckoldt, Martin Knobel, Marc Hassenzahl, and Josef Schumann. 2012. An Experiential Perspective on Advanced Driver 
Assistance Systems. it - Information Technology 54, 4: 165#?171. https://doi.org/10.1524/itit.2012.0678 
 [27] Johan Fagerlönn, Stefan Lindberg, and Anna Sirkka. 2012. Graded Auditory Warnings During In-Vehicle Use: Using Sound to 
Guide Drivers Without Additional Noise. In Proceedings of the 4th International Conference on Automotive User Interfaces and 
,QWHUDFWLYH9HKLFXODU$SSOLFDWLRQV$XWR8,#? 
 [28] Sandra. G. Hart and Lowell. E. Staveland. 1988. Development of NASA-TLX (Task Load Index): Results of Empirical and Theoretical 
Research. Advances in psychology, 52: 139#?183. Retrieved 14 September 2014 from 
http://humanfactors.arc.nasa.gov/groups/TLX/downloads/NASA-TLXChapter.pdf 
 [29] Mark S Horswill and Annaliese M. Plooy. 2008. Auditory feedback influences perceived driving speeds. Perception 37, 7: 1037#?1043. 
 [30] Clemens Kaufmann. 2008. Effects of Multi-Modal Warnings And Traffic Information on Driver Behaviour. In Proceedings of 
European Conference on Human Centred Design for Intelligent Transport Systems, 33#?42. 
 [31] Sven Kraus and Matthias Althoff. 2009. Cognition and Emotion in Autonomous Cars. In Intelligent Vehicles Symposium, 635#?640. 
 [32] Pontus Larsson. 2010. Tools for Designing Emotional Auditory Driver-Vehicle Interfaces. 1#?11. 
 [33] Esko Lehtonen, Otto Lappi, Iivo Koirikivi, and Heikki Summala. 2014. Effect of driving experience on anticipatory look-ahead 
fixations in real curve driving. Accident Analysis and Prevention 70, September 2014: 195#?208. 
https://doi.org/10.1016/j.aap.2014.04.002 
 [34] Rafael Math, Angela Mahr, Mohammad M Moniri, and Christian Müller. 2013. OpenDS: A New Open-Source Driving Simulator for 
Research. In GMM-Fachbericht-AmE 2013. 
 [35] David K McGookin and Stephen A Brewster. 2004. Space, The Final Frontearcon: The Identification of Concurrently Presented 
Eearcons in a Synthestic Spatialised Auditory Environment. In Proceedings of ICAD 04-Tenth Meeting of the International 
Conference on Auditory Display, 1#?8. 
 [36] Denis McKeown and Sarah Isherwood. 2007. Mapping Candidate Within-Vehicle Auditory Displays to Their Referents. Human 
Factors: The Journal of the Human Factors and Ergonomics Society 49, 3: 417#?428. https://doi.org/10.1518/001872007X200067 
 [37] Natasha Merat, A Hamish Jamson, Frank C H Lai, Michael Daly, and Oliver M J Carsten. 2014. Transition to manual: Driver 
behaviour when resuming control from a highly automated vehicle. 27: 274#?282. 
XX:24 ڰ David Beattie et al. 
Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 1, No. 3, Article XXXX. Publication date: September 2017. 
 [38] Nicholas Micallef, Mike Just, Lynne Baillie, Martin Halvey, and Gunes Kayacik. 2015. :K\ DUHQ#?W 8VHUV 8VLQJ 3URWHFWLRQ"
Investigating the Usability of Smartphone Locking. In Proceedings of the 17th International Conference on Human-Computer 
,QWHUDFWLRQZLWK0RELOH'HYLFHVDQG6HUYLFHV0RELOH+&,#?#?294. https://doi.org/10.1145/2785830.2785835 
 [39] Dave Miller, Annabel Sun, and Wendy Ju. 2014. Situation Awareness with Different Levels of Automation. In Systems, Man and 
Cybernetics (SMC). 
 [40] Brian Ka-jun Mok, Mishel Johns, Key Jung Lee, Hillary Page Ive, David Miller, and Wendy Ju. 2015. Timing of Unstructured 
Transitions of Control in Automated Driving. Iv: 1167#?1172. 
 [41] Michael Nees and Bruce. N. Walker. 2011. Auditory Displays for In-Vehicle Technologies. Reviews of Human Factors and 
Ergonomics 7, 1: 58#?99. https://doi.org/10.1177/1557234X11410396 
 [42] John G. Neuhoff, Joseph Wayand, and Gregory Kramer. 2002. Pitch and loudness interact in auditory displays: Can the data get lost 
in the map? Journal of Experimental Psychology: Applied 8, 1: 17#?25. https://doi.org/10.1037/1076-898X.8.1.17 
 [43] NHTSA. 2013. Automated Vehicle Policy on Levels of Automation and Considerations for Research Progress. Retrieved from 
http://www.nhtsa.gov/About+ 
NHTSA/Press+Releases/U.S.+Department+of+Transportation+Releases+Policy+on+Automated+Vehicle+Development. 
 [44] 'RQDOG$1RUPDQ7KH#?3UREOHP#?RI$XWRPDWLRQ, DSSURSULDWH)HHGEDFNDQG,QWHUDFWLRQ1RW#?2YHUDXWRPDWLRQ#? 
 [45] Patrick Nyeste and Michael S. Wogalter. 2008. On Adding Sound to Quiet Vehicles. Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting 52, 1747#?1750. https://doi.org/10.1177/154193120805202112 
 [46] +HDWKHU / 2#?%ULHQ DQGLori McCay-3HHW  $VNLQJ #?Good#? 4XHVWLRQV: Questionnaire Design and Analysis in Interactive 
Information Retrieval Research. In Proceedings of the 2017 Conference on Conference Human Information Interaction and 
Retrieval, 27#?36. https://doi.org/10.1145/3020165.3020167 
 [47] Djamel Ouis. 2001. Annoyance From Road Traffic Noise: a Review. Journal of Environmental Psychology 21, 1: 101#?120.  
 [48] Natasha Paterson, Katsiaryna Naliuka, Soren Kristian Jensen, Tara Carrigy, Mads Haahr, and Fionnuala Conway. 2010. Design, 
implementation and evaluation of audio for a location aware augmented reality game. In Proceedings of the 3rd International 
Conference on Fun and Games, 149#?156. 
 [49] Annie Pauzie. 2008. A Method to Assess The Driver Mental Workload: The Driving Activity Load Index (DALI). Intelligent 
Transport Systems, 4, 2: 315#?322. 
 [50] Annie Pauzie. 2008. Evaluating driver mental workload using the driving activity load index(DALI). European conference on 
human centred design for intelligent transport systems.: 67#?77. 
 [51] Ioannis Politis, Stephen Brewster, and Frank Pollick. 2014. Evaluating Multimodal Driver Displays Under Varying Situational 
Urgency. In In Proceedings of 32nd annual ACM Conference on Human Factors in Computing Systems, 4067#?4076. 
 [52] Ioannis Politis, Stephen Brewster, and Frank Pollick. 2015. Language-Based Multimodal Displays for the Handover of Control in 
$XWRQRPRXV &DUV ,Q $XWRPRWLYH8, #? 3URFHHGLQJV RIWKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPRWLYH 8VHU ,QWHUIDFHV DQG
Interactive Vehicular Applications, 3#?10. 
 [53] Propellerhead. 2016. Reason 5 Audio Software. https://www.propellerheads.se/en/reason. 
 [54] J J Scott and Robert Gray. 2008. A Comparison of Tactile, Visual, and Auditory Warnings for Rear-End Collision Prevention in 
Simulated Driving. Human factors 50, 2: 264#?275. https://doi.org/10.1518/001872008X250674 
 [55] David Sirkin, Brian Ka-jun Mok, Srinath Sibi, David Bryan Miller, and Wendy Ju. 2015. Understanding Driver - Automated Vehicle 
Interactions Through Wizard of OZ Design Improvisation. Proceedings of the Eighth International Driving Symposium on Human 
Factors in Driver Assessment, Training, and Vehicle Design, Dahlbäck 1993: 386#?392. 
 [56] -DND6RGQLNDQG6DģR7RPDŀLÏ6SDWLDO$XGLWRU\+XPDQ-Computer Interfaces. SpringerBriefs in Computer Science.  
 [57] Steven Strachan and P Eslambolchilar. 2005. GpsTunes: controlling navigation via audio feHGEDFN3URFHHGLQJVRIWKHWK#?
September: 275#?278. Retrieved 27 March 2013 from http://dl.acm.org/citation.cfm?id=1085831 
 [58] .HLVXNH6X]XNLDQG+§NDQ-DQVVRQ$Q$QDO\VLVRI'ULYHU#?V6WHHULQJ%HKDYLRXU'XULQJ$XGLWRU\RU+DSWLF:DUQLQJVIRr the 
Designing of Lane Departure Warning System. JSAE Review 1, 24: 65#?70. 
 [59] Marcus Tönnis, Verena Broy, and Gudrun Klinker. 2006. A survey of challenges related to the design of 3D user interfaces for car 
Drivers. In Proceedings - IEEE Virtual Reality, 134. https://doi.org/10.1109/VR.2006.19 
 [60] Michael F. Trentacoste. 2004. In-9HKLFOH'LVSOD\,FRQVDQG2WKHU,QIRUPDWLRQ(OHPHQWV9ROXPH,,#?)LQDO5HSRUW 
 [61] Daniel Västfjäll, Pontus Larsson, Anders Genell, Anders Sköld, and Mendel Kleiner. 2005. A Neuropsychological Theory of Sound 
Design: Implications for Auditory Icons in Vehicles. Behavioral Neuroscience 106: 81#?105. 
 [62] Roman. Vilimek and Thomas. Hempel. 2005. Effects of Speech and Non-Speech Sounds on Short-Term Memory and Possible 
Implications for In-9HKLFOH 8VH ,Q (OHYHQWK ,QWHUQDWLRQDO &RQIHUHQFH IRU $XGLWRU\ 'LVSOD\V ,&$' :RUNVKRS #?&RPELQLQJ
6SHHFKDQG6RXQGLQWKH8VHU,QWHUIDFH#?#?350. 
 [63] Guy H. Walker, Neville A. Stanton, and Mark S. Young. 2006. The Ironies of Vehicle Feedback in Car Design. Ergonomics 49, 2: 
161#?79. https://doi.org/10.1080/00140130500448085 
 [64] Boris Van Waterschoot and Mascha Van Der Voort. 2009. Implementing Human Factors within the Design Process of Advanced 
Driver Assistance Systems ( ADAS ). 461#?470. 
 [65] Michael S. Wogalter, Raymond W. Lim, and Patrick G. Nyeste. 2014. On the Hazard of Quiet Vehicles to Pedestrians and Drivers. 
Applied Ergonomics 45, 5: 1306#?1312. 
 [66] Jian-Da Wu, Tian-Hua Lee, and Mingsian R Bai. 2003. Background noise cancellation for hands-free communication system of car 
cabin using adaptive feedforward algorithms. International journal of vehicle design 31, 4: 440#?451.  
5HFHLYHG)HEUXDU\UHYLVHG0D\DFFHSWHG6HSWHPEHU 
